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INTRODUCTORY. 


Tue cauline vascular system of the Osmundaceae has 
attracted considerable attention on the part of morphologists, 
since it is exceptional among the leptosporangiate ferns in 
exhibiting a type of structure presented by the phanerogams. 
Thus DeBary, the exponent of the “ bundle system,” states that 
“collateral bundles” are with rare exceptions characteristic of 
the stems and leaves of the phanerogams, but are likewise found 
in the Osmundaceae,’ and that in their arrangement in the stems 
of the Osmundaceae they follow the ‘ dicotyledon type.”? 
Later we find Van Tieghem, the first enunciator of the “stelar 
theory” expressing himself as follows :3 


La tige des Osmundes et des Todées différe de celle des autres Fougéres. 
Lastéle axile et sans moelle du jeune ge, au lieu de se diviser en restant 
gréle, demeure simple en s’élargissant progressivement 4 mesure que la tige 
§rossit; elle prend une moelle de plus en plus large, 4 la périphérie de 
laquelle sont rangé en cercle un certain nombre de faisceaux libéroligneux 
4 bois séparés, mais a libers confluents, entourés d'un péricycle commun et 
dun endoderme général. En un mot la tige de ces plantes demeure monos- 
télique tout Age, comme celle de la plupart des Phanérogames. 


*DeBary: Vergleichende Anatomie der Vegetationsorgane der Phaneroga- 
men und Farne 331. 


* DEBARY: of. cit. 246. 3VAN TIEGHEM: Traité de Botanique 1373. 
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Plainly enough, therefore, these eminent botanists, starting 
from very different conceptions, have arrived at the same con. 
clusion, namely, that the central cylinder of the Osmundaceae 
resembles that of the phanerogams. 

It is important to note, however, that heretofore all anatomical 
researches in this family have been confined to the tropical genus 
Todea and the cosmopolitan Osmunda regalis; and that hence 
the conclusion just stated has been based on the phenomena 
presented by these alone. When Van Tiegham proposed his 
’ several cryptogams besides the Osmunda- 
ceae were cited as exceptionally possessing medullated mono- 
stelic central cylinders. Since then more extended researches 
have been made which have yielded important results. Thus it 
has been shown that the central cylinder of Ophioglossum and 
of Botrychium instead of being medullated monostelic is in 
reality ‘‘gamodesmic ;’’* that the central cylinder in the entire 
family Equisetaceae, some of whose species were included in 
the exceptions, is of the same kind;5 and that the central 
cylinder of the genus Helminthostachys is also of the “gamo- 
desmic” type.® It is true that Strasburger holds’ that the 
internal endodermis and endodermal sheaths about individual 
bundles are of intrastelar origin, and not of cortical as is the 
external endodermis, and that therefore these exceptions still 
stand; but this objection may be advantageously left for sub- 
sequent consideration. Of the apparent exceptions, the family 
Osmundaceae has remained untouched, and I have undertaken 
the present research on this anomalous case, with the primary 
object of furnishing data that will help determine the proper 
morphological interpretation of its vascular system. 

The family Osmundaceae is a very limited one in point of 
numbers, consisting of but two genera, Osmunda with eight 
species, and Todea with six, and therefore constitutes a very 


hypothesis’ 


4PorRAULT: Ann. Sci. Nat. Bot. VII. 18: 113. 1893. 
SJEFFREY: Mem. Boston Soc. Nat. Hist. 53155. 1899. 
®FARMER: Ann. Bot. 13: 421. 1899. 

7 STRASBURGER : Histologische Beitrage. 3:—. 1891. 
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small part of the fern flora of the earth. ' But this does not 
seem to have always been the case,* for the Marattiaceae, 
although overwhelmingly predominant in the Coal period, con- 
stituted but 4 per cent. of the total filicineous flora in the Lower 
Jurassic, the remainder being composed of Osmundaceae and 
Cyatheaceae, with the related families Matonineae and Proto- 
polypodiaceae. As to distribution, the first genus is confined to 
the northern hemisphere, and the Todeas are with one exception 
found only in Australasia. Five Osmundas belong exclusively 
to restricted areas in east Asia and the adjoining islands; QO. 
Claytoniana occurs in the Himalayas and North America; 0. 
cinnamomea in eastern Asia, North and South America; and (O. 
regalis in every continent except Australasia. Of the Todeas, 7. 
barbara is a native of Australia, New Zealand, and South Africa; 
and the remaining species, the so-called “filmy” Todeas 
(Leptopteris of some authors), belong to oceanic islands in the 
eastern south-tropical region.? 

Of these species I have had the opportunity of studying 
five, namely, O. regalis, O. cinnamomea, O. Claytoniana, T. barbara, 
and 7. superba. Nevertheless, in the following pages most atten- 
tion will be devoted to O. cinnamomea, not so much because 
its anatomy has not previously been described, as because the 
writer, for reasons which will become apparent, believes it retains 
amore primitive type of skeletal axis than any of the family so 
farinvestigated. The material of the species of Osmunda stud- 
ied was collected from several different localities, and in large 
quantities. Of O. cinnamomea specimens from fully a hundred 
and fifty plants were preserved and examined, and of each of the 
others perhaps one-third of that number. The more important 
points were verified from specimens taken from three different 
localities. 

Observations have been mainly,restricted to the mature root, 
stem, and leaf trace. Some young plants of Osmunda were 
studied, and the growing points of the older stems have been 

*Scorr : Studies in fossil botany 304. 1900. 


*Drets: Engler and Prantl’s Natiirlichen Pflanzenfamilien 14: 377. 1900. 
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sectioned. But the mature stem, especially the region at which 
it branches, has proved to be of chief interest from the stand- 
point of questions of comparative anatomy. 


THE STEM. 


GENERAL ANATOMY.—The mature stems are very stout rhi- 
zomes, exceptionally so in 7. barbara, which grow in a direction 
somewhat oblique to the horizontal. The leaves are in a closely 
set tuft at the anterior end, for they are annual and the inter- 
nodes are very short. The broadly winged, overlapping bases 
with their sclerenchymatous sheaths resist decay long after the 
remaining portion of the leaf has perished, and these, together 
with the roots, which are very numerous, greatly add to the 
bulk of the stem. The stem usually bifurcates once into two 
branches of equal size, which lie in a horizontal plane. A few 
specimens of O. regalis were found, however, in which one of the 
forks was much larger than the other, but the larger almost 
immediately divided again, so that there were three branches of 
about the same size lying in the same plane. The forking bears 
no relation to the number of leaves produced, counting from the 
cotyledons, nor to the age of the plant. Occasionally there is 
no branching at all, though maturity has long since been 
attained, while in rare cases it has taken place comparatively 
early in the life of the fern. 

The rhizome exhibits a very characteristic appearance in 
cross-section (fig. 7). The outer portion, the thick external 
cortex (ex. c.), consists of very resistant, dark-brown scleren- 
chyma, in O. cinnamomea of a rich red-tinted brown, in 0. regalis 
and the Todeas of a black, and in O. Claytoniana of a dul! brown 
hue. The cortex is marked by leaf-traces (/¢), which form a 
close spiral, and at the nodes by the escaping roots (7). In 
O. cinnamomea sclerification of the cortical tissue is later in 
taking place than in the other species. The internal cortex (i. ¢.) 
is parenchymatous, comparatively narrow, roughly pentagonal, 
and its cells are heavily loaded with starch grains, Passing 
the pericycle and the bast region, which form a complete 
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sheath, the wood (2) of the stele is seen to be broken up 
into bundles of various shapes arranged in a circle, and sepa- 
rated from one another by the so-called medullary rays. These 
medullary rays extend out from a large pith. The pith or 
medulla in O. Claytoniana and T. superba is apparently homo- 
geneous. In O. regalis it is often discolored and may contain 
one or more strands of brown sclerenchyma; in O. cinnamomea 
it is very frequently characterized by some brown sclerenchyma- 
tous tissue, and in 7. darbara there is a large axial strand of this 
supporting tissue. 

Hisrotocy.— But we turn now to acquire a more intimate 
acquaintance with the stem as revealed by a study of its histo- 
logical features. For this purpose several sets of transverse and 
longitudinal series were prepared, and a great many microtome 
sections examined. The material cut included stems of various 
ages. As development proceeds rather slowly, all the tissues 
are mature only at a considerable distance from the apex of the 
plant. 

The cortical part of the stem has little of interest for us 
other than in the respects already mentioned. The scleren- 
chyma consists of elongated, thick walled cells, with a small 
lumen containing starch grains. The walls are brownish, and 
marked by simple pits, which are round or slit-like. According 
to Strasburger,?? the endodermis is not the innermost cortical 
layer, but I am unable to verify this. He has made the state- 
ment that the innermost cortical layer at a certain stage divides 
by tangential walls to form several layers of cells; of these, 
the outermost becomes differentiated as the endodermis, and the 
remaining layers lie between this and the phloem, filling the 
place of a pericycle. The somewhat elongated cells of the 
endodermis are marked in every case by the characteristic cuti- 
cularization of the radial walls, whith in transverse section shows 
as the “radial dot” (fig. 6, e,e). The “radial dot” is dis- 
tinctively brought out by treatment with phloroglucin and 
hydrochloric acid, and also with dilute sulfuric acid. In O. 


°STRASBURGER, Op. cit. 449. 
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Claytoniana the radial markings are generally not as distinct as 
in the rest of the species studied, and the cells are reduced in 
size in comparison with those of the layers in contact (fig. 8,¢). 
The contents in this species, too, are meager, consisting of 
granular protoplasm, a nucleus which as a rule stains a deeper 
red with saffranin than those of surrounding cells, and a few 
starch granules as shown by treatment with iodin solutions, 
Sometimes the endodermal cells of O. cinnamomea are likewise 
apparent by the lack of contents, in contrast to the heavily-laden 
cells, both ectad and centrad. Generally in this species, as in 
the remaining ones, 7. superba excepted, the cells are filled with 
tannin, so that the endodermis stands out very distinctly. 

The pericycle is entirely parenchymatous and consists of 
several layers—in O. Claytoniana and Todea of two or three, in 
O. cinnamomea of three or four, and in O. regalis of one to three. 
The cells are elongated, cylindrical, provided with large nuclei, 
and filled with finely granular contents, part of which is starch. 
Haematoxylin imparts to this tissue a light blue color. Tangen- 
tial sections show that the orientation of the cells is very irregu- 
lar ( figs. 3 and 9, f). Immediately opposite the point of origin 
of a leaf trace, and for a short distance below, the long axes of 
the cells run parallel with the long axis of the stem, but for the 
most part in the remaining regions of the stem there is consid- 
erable disturbance, though only in tangential planes. This dis- 
turbance is commonly so marked that the long axis of the cell is 
at right angles to the stem axis, and between this and the paral- 
lel position there is every gradation. Therefore in transverse 
section these cells are either round or more or less tangentially 
lengthened (fig. 8, p). This variation in orientation is of 
interest, as it is connected with a similar phenomenon in layers 
lying nearer the cauline axis, namely in the phloem region. 

Xy_em.— Before dealing with the phloem, however, it will 
be convenient to describe the xylem. The wood elements are 
of two kinds, namely, small ringed and spiral elements consti- 
tuting the protoxylem, and scalariform tracheids which are of 
later development constituting the metaxylem. Occasionally a 
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parenchymatous cell is found among the tracheids. A transverse 
section shows, as mentioned before, a ring of variously shaped 
bundles; and by tracing these up and down, or by boiling a piece 
of stem in potash and then removing the softer tissues, there is 
shown to be a network forming the wall of a hollow cylinder, the 
strands being the “bundles” of DeBary, and the meshes the 
spaces occupied by the “ medullary rays.” Though there is a 
great deal of regularity in the apparent construction of this net- 
work, as proved by DeBary and Zenetti in O. regalis, yet a study 
of development shows that the ‘“‘bundle theory” is inadequate 
for giving the right conception of the vascular system. In the 
young stem of the Osmundaceae the wood forms a completely 
closed cylinder, and Van Tieghem, basing his conclusions on 
Todea and O. vegalis, has stated this to be the case for the 
whole family. Iam able to state that the phenomena in the 
young stem of O. cinnamomea and O. Claytoniana are in accord- 
ance with his general conclusions in this respect. 

Now directly above the point at which a leaf trace leaves the 
stele the wood is not developed for some distance. This gap is 
filled by parenchyma chiefly, except at the outer part, which is 
occupied by sieve tubes. There are exceptions in O. cinnamomea 
to be described later. Thus a transverse section of the stele, 
just above a node, shows a ring of wood broken at one place, 
the break being occupied by the tissues just referred to; in other 
words, the stele here has one medullary ray. Fig. 23 shows a 
transverse section of the stem of O. Claytoniana through this 
region. Still further up the internode the ring is complete 
again. There is the same sort of gap above the second node. 
However, as the nodes become more frequent, that is, as the 
internodes become shorter, a leaf gap extends through more than 
one internode, and in a transverse section there is more than one 
medullary ray, until in the full. grown stem, where a leaf gap 
extends through several internodes, a transverse section shows 
several gaps cut across, or in other words shows several medul- 
lary rays. It is therefore evident that the number of medullary 
rays seen in any transverse section depends on the frequency of 
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the nodes and the length of the gaps. In well nourished stems 
the number is greatest in O. Claytoniana ( fig. 17), there usually 
being about twenty, and in 7. barbara ( fig. 24) the fewest. In 
this species the gaps are quite short, so that while the wall may 
be thin in many places at any given level, there are not more 
than two to six medullary rays seen in the cross section (fig. 24). 

The persistent portions of the cylinder of wood, the 
“bundles,” present various contours in cross section, the shape 
of any particular portion lying between two adjacent gaps, that 
is, of any strand, varying with the level at which it is cut. Just 
below where the leaf trace is given off, the wall is hollowed out 
on the side towards the pith, so that the transverse section of 
the strand presents a horseshoe shape (fig. 77). The middle 
of the inner surface of the strand at this level is occupied by 
protoxylem, which consists of about a half dozen small ringed 
and spiral vessels. Following the strand down, it is seen that 
the arms of the horseshoe thicken on the sides facing one 
another, especially towards the ends of the arms ( fg. 75,5). 
Finally, the opening between the ends is fully closed and a 
small group of parenchymatous cells lying exactly centrad of 
the protoxylem is thereby enclosed (fig. 77,5). The parenchyma 
is more and more encroached upon by the xylem, until lower 
down it is seen no more. Not far below where the parenchyma 
vanishes, the protoxylem in that strand likewise disappears. 
Somewhat above the level at which the parenchyma is enclosed 
the strand begins to thin out on the outer side, a sharp trough- 
g, but not in the same radius as that in 
which the protoxylem lies. This trough continues to deepen 
until a few nodes down the strand is cut through, the point at 


like indentation appearin 


which the break occurs being, indeed, the apex of a leaf gap. 
Thus neither the outer nor the inner surface of the cylinder of 
xylem is smooth ; the lower part of a leaf gap can be traced as 
a hollow on the inner surface just below where the leaf is given 
off, ending as a blind tube amongst the tracheids, while the 
upper end of the gap may be traced as a furrow on the outer sur- 
face of the cylinder, gradually becoming more and more shallow 
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The protoxylem occurs in small groups of six to eight cells 
each, and a transverse section of the central cylinder shows from 
five to seven of these groups. Each group of protoxylem 
elements passes out in its entirety into a leaf trace, and on fol- 
lowing back from the leaf trace each vanishes as already 
described. The protoxylem is therefore not continuous through- 
out the stem, but is in small, discontinuous strands. This fact 
has been recorded for O. regalis by Zenetti.™ 

Lying externally to the wood are from four to six layers of 
elongated parenchymatous cells, rich in protoplasmic contents 
and in small starch grains. They are continuous with the 
parenchymatous cells of the medullary rays and do not mate- 
rially differ from them. Those occupying the middle of the 
medullary rays have more meager contents, and towards the 
stem axis they become larger. That there is a ‘‘xylem sheath”’ 
characterized by cells of greater size and richer contents such as 
Zenetti describes for O. regalis, I cannot affirm, and certainly 
there is not such a sheath in O. Claytontana. 

PutoreM.—The tissues that have just been described are 
bordered by the phloem, which consists chiefly of sieve tubes. 
Parenchymatous cells are sometimes met with in isolated posi- 
tions in the metaphloem, and between the metaphloem and the 
protophloem they constitute a more or less broken layer, most 
pronounced in O. Claytoniana, and least constant in O. regalis and 
[. barbara. The sieve tubes are strongly developed and are of 
the “type vigne” of Lecomte. They are large, have thin walls 
of unmodified cellulose lined with a delicate layer of protoplasm, 
and are devoid of nuclei. They are provided with oblique 
terminal walls and are furnished with sieve plates both simple 
and compound. The sieve plates are covered with “globules 


brillants,” and by treatment with proper reagents callus plugs 
may be demonstrated in them. The sieve tubes of the proto- 
phloem are smaller than those of the metaphloem and their 
terminal walls are not as oblique. 


As there has been considerable difference of opinion regarding 


™ZENETTI: Das Leitungssystem im Stamm von rega/is. Bot. Zeit. 53:63. 
1895. 
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the disposition of the phloem in O. regalis, it will be well to 
define a sieve tube. Both Russow and Janczewski have studied 
sieve tubes very carefully, and Poirault has more recently rein- 
vestigated the subject in the vascular cryptograms. The investi- 
gator last named summed up his observations on sieve tubes in 
the roots of vascular cryptogams in the following terms :” 

Les tubes criblés peuvent se rapporter a deux types: le premier carac- 
térisé par des cloisons transverses perpendiculaires aux faces principales et 
ne portant qu’un seul crible (tyfe Courge, Lecomte) ; le second reconnaissable 
4 ses cloisons transverses trés obliques portant d’autant plus de cribles que 
leur obliquité est plus grande (tyfe Vigne, Lecomte). On trouve, en outre, 
sur les faces longitudinales des ponctuations isolées ou réunies en trés petits 
groupes, constituant rarement des cribles aussi développés que ceux des 
faces transverses. Le contenu de ces tubes est un liquide hyalin tenant en 
suspension de nombreuses sphérules réfringentes, rassemblés surtout au 
niveau des cribles et des ponctuations isolées. Il n’ya pas de noyau. La 
membrane est cellulosique. 

He further adds that two substances occur as a rule — (1) 
the ‘globules brillants’’ already mentioned, and (2) “les 
bouchons calleux qui font corps avec la membrane et peut-étre la 
traversent entiérement.” 

In dealing with the sieve tubes of the stem and petiole he 
does not point out any other peculiarities, but deals at length 
with the callus plugs, and the perforation of the sieve plates.® 
The observations of Russow, Janczewski, and Poirault agree for 
the most part, except in reference to the callus plugs. 

The following criteria would seem to be distinctive in deter- 
mining the presence of sieve tubes in the Osmundaceae; the 
existence of sieve plates, the absence of nuclei, and the presence 
of ‘globules brillants.” Less distinctive and rather as a con- 
firmatory test I have sought for callus. Russow made this test 
one of paramount importance, but it seems best in dealing with 
the vascular cryptogams to give it a second place, and for the 
following reasons: (1) the callus, so-called, in the seive tubes 

%PoIRAULT: Récherches sur les cryptogames vasculaires. Ann. Sci. Nat. 
Bot. VII. 18: 138. 1893. 


'3 POIRAULT: of. cit. I9I. 
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of the vascular cryptogams may not be identical with that found 
in phanerogams ; (2) it occurs in minute quantities only, and in 
some plants (e. g., the Ophioglossaceae) probably does not occur 
at all; (3) its presence is determined by delicate microchemical 
means, and then only by limited color reactions. 

Janczewski"* claimed to have found callus in Pteris aquilina 
alone of all the vascular cryptogams he examined, and states 
that it does not occur in O. regalis. The reagents he used were 
Schulze’s solution (or chlor-zinc-iodin) and rosolic acid. On 
the other hand, Russow found callus in all of the sieve tubes he 
examined. The reagent he used was a mixture in variable pro- 
portions of chlor-zinc-iodin and potassium iodid-iodin. It 
should be stated that in the vascular cryptogams callus occurs in 
the wall of the sieve plate, appearing as if it were a part of the 
wall. After staining with a suitable iodin solution, the callus 
shows in face view as one or more round brown spots, and in 
section as rods or granules occupying the entire thickness of the 
lamella. Poirault has largely corroborated Russow’s observa- 
tions. He disagreed with Russow’s generalization that it is a 
constant feature of sieve tubes, for he states that he has been 
unable to find any trace of callus in Angiopteris and Ophioglos- 
sum.5 In view of these investigations, therefore, it becomes a 
matter of interest to know if the sieve tubes of Osmundaceae 
show the phenomena of callus as described by Janczewski for 
Pteris, and by Russow and Poirault for many others of the vas- 
cular cryptogams. 

Accordingly tangential and transverse sections about five 
microns thick, of the three Osmundas studied and of 7. barbara 
were cut from mature pieces of stem embedded in celloidin. In 
the present research the writer has tried several stains, such as 
ruthenium oxid, Hofmann’s blue, rosolic acid, and Russow’s 
mixture. These have been applied to sieve tubes of plants from 
widely separated groups, such as Vitis (summer and winter sieve 
tubes), Tilia, Pinus, Pteris, and the mixture of chlor-zinc-iodin 


‘*JANCZEWSKI: Tubes cribreux. Ann. Sci. Nat. Bot. VI. 14:50. 1882. 
*SPOIRAULT:: of. cit. 192. 
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and potassium iodid-iodin proved to be by far the most satis- 
factory reagent for the demonstration of callus. The two con- 
stituents of this reagent were prepared fresh, and then mixed in 
different proportions until one giving the best results was 
obtained. The proportions vary with the different kinds of 
plants tested. In using this stain, though the presence of the 
celloidin is not a serious objection, it is preferable to dissolve 
out the celloidin, wash in alcohol, then in distilled water, and 
examine in stain on the slide. 

In face view it is difficult to make observations on account 
of the “globules brillants,’” hence the most reliable observa- 
tions can be made on sectioned plates. Almost at once after 
applying the stain, the callus plugs become evident, staining a 
dark red-brown (fig. 7). They appear as more or less fine rods, 
completely traversing the sieve plate, and their number ina sieve 
plate depends on its size. The cellulose is slower in staining; 
at first it is light blue or a violet, and later a deep blue. Hence 
the callus plugs are to be seen most clearly in the early stages 
of the staining process. The stain unfortunately is not perma- 
nent. Callus was clearly demonstrated in the species under 
investigation, but on account of the size of the cells and of the 
sieve plates, 7. barbara proved the best subject for the purpose. 
As one of the characters of the sieve tubes of the Osmundaceae, 
we record, therefore, the regular occurrence of callus plugs in 
the sieve plates. 

The ‘globules brillants’” are exceedingly abundant in the 
sieve tubes, and especially in the older ones (fig. 7). While 
they adhere to the protoplasm of the cell and may be found in 
any part of the cell they are by far most abundant about the 
sieve plates, dotting their surface, filling the pits, and surround- 
ing the entrance to the pits. They are evidently not homoge- 
neous, but appear to consist of two substances, one of which is 
more refractive than the other, for by slight focusing up and 
down they change from a dark looking, opaque granule to a light 
semi-translucent spherule. Jodin solutions stain them brown, 
not appreciably different from the callus plugs. Occasionally 
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irregular fragments of matter are found in the cell, which also 
stain a similar brown. The relation between these fragments, 
the “ globules brillants,” the callus, and the disappearance of the 
nuclei calls for further investigation. 

The sieve plates are very numerous, and vary in size and 
form. The walls of the pits are abrupt, and the number of pits 
varies with the size of the plate. The larger plates are irregu- 
larly oblong and the smaller ones are round. In Todea they are 
largest and most numerous. Having described the sieve tubes 
at some length, we shall now examine their distribution. 

The phloem forms a continuous sheath, the outer portion of 
which is the protophloem. To this peripheral part of the phloem 
I find that DeBary and Zenetti alone make specific reference. 
The former states* that this region of the central cylinder is 
characterized by “ quergestreckte Zellen,” but he offers no opin- 
ion as to the nature of the tissue in question. Zenetti divides 
the zone into strands of typical protophloem and connecting 
portions of ‘quergestreckte Zellen.” The typical protophloem 
isin short strands one cell thick, lying ectad of strands of xylem 
which are about to give off the leaf traces. The ‘quergestreckte 
Zellen” he cannot recognize as sieve tissue, because of the “ quer- 
gestreckt”’ form and the position of the cells. This tissue in 
Osmunda regalis, consequently, forms a cylinder interrupted by 
the strands of protophloem only, but Zenetti found it to be gen- 
erally two cells in thickness and opposite the medullary rays 
often several cells deep. 

I have ascertainec that the ‘‘quergestreckte Zellen’’ are 
devoid of nuclei; their walls are of cellulose, staining violet or 
blue with iodin solutions. They are rounded, elongated ele- 
ments, with more or less oblique terminal walls; and are char- 
acterized by the possession of sieve plates which show the callus 
reaction when treated with Russow’s reagent; the cells contain 
an abundance of ‘globules brillants” which are aggregated 
especially about the plates; the protoplasm is reduced to a thin 
parietal layer. The characters of the typical protophloem cells 
DEBARY: of. cit. 360. 
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are the same as those of the “‘quergestreckte Zellen” except in 
regard to orientation (jig. 6). 

Transverse sections show that the long axes of the so-called 
‘‘quergestreckte Zellen” are tangentially placed, and never radi- 
ally to any degree. To determine the slant of the long axes, 
therefore, with reference to the axis of the stem, tangential sec- 
tions must be made. If such be examined it is seen that some are 
exactly at right angles to the axis, others are almost or entirely 
parallel, and between these extremes there is every gradation. 
This at once explains the difference in ‘‘width” of the “quer- 
gestreckte Zellen’’ in transverse section. It is further to be 
noted from the tangential sections that the ends of typical pro- 
tophloem cells never abut against the long sides of the “ quer- 
gestreckte Zellen,” but there is a gradual change in the direction 
of the latter so that their ends communicate with the proto- 
phloem and it is quite impossible to say where the typical proto- 
phloem ends and the ‘‘quergestreckte Zellen”’ begin. 

The root and leaf have been examined for ‘ quergestreckte 
Zellen,”’ for if these elements constitute a characteristic textural 
feature of the Osmundaceae they would naturally occur elsewhere 
than in the stem. They are not present at all in the appendicular 
organs. Further, in the young sporophyte, where the leaf gaps 
are far apart, they are absent from considerable portions of the 
stem. The real nature of the ‘“quergestreckte Zellen” will be 
discussed after observations on their development and their rela- 
tion to the leaf traces have been described. 

The ‘‘quergestreckte Zellen” and the typical protophloem 
cells form a continuous sheath in all the species studied. In 0. 
Claytoniana the elements of this sheath are very much smaller, 
and so it is easier to distinguish them from the metaphloem. 
In 7. barbara their histological characters are best studied 
because of their relatively large size. Frequently in O. cinna- 
momea and O. regalis it is difficult to decide in the mature stem 
whether or not certain cells belong to this sheath or to the 
metaphloem. But evidently in all of the species the sheath is 
rarely more than two cells in thickness, and often, especially in 


‘ 
( 
( 
‘ 
\ 
( 
I 
6 
( 
( 
§ 


1901] ANATOMY OF THE OSMUNDACEAE 395 


0. Claytoniana, there is but a single layer. Opposite outgoing 
leaf traces the sheath is reduced to a single stratum. 

The metaphloem forms a hollow cylinder consisting of large 
sieve tubes such as have already been described. They are 
thin-walled, and especially in O. regad/is in the older parts of the 
stem have often collapsed. The sheath is one or two cells thick 
opposite the strands of xylem, and several cells in thickness 
opposite the medullary rays (fig. 8, ph). Most of the tubes run 
parallel with the long axis of the stem, but here and there 
“quergestreckte”’ examples occur. 

This cylinder of metaphloem has a smooth outer surface, but 
the inner surface is rendered very uneven on account of the 
wedge-like proliferations of the sieve tissue opposite the leaf 
gaps. Since this is a phenomenon common to all the species 
studied, we naturally seek an explanation of this peculiar dis- 
position of the phloem. In his memoir on sieve tubes Janczew- 
ski”? who could hardly have been prejudiced by any stelar 
theories, notec that isolated sieve tubes occur occasionally here 
and there in the medullary rays of O. regalis. The writer has 
found undoubted cases of the same thing in O. cinnamomea. 

Two such eminent botanists as DeBary and Strasburger have 
disagreed as to the topographical distribution of the layer of 
metaphloem sieve tubes in O. regalis. The former states * that 
the sheath is continuous, while the latter states that he puts 
himself in opposition to DeBary on this point, for he considers 
the phloem to be interrupted opposite the medullary rays. 
Strasburger does not say for what reason he considers the cells 
opposite the medullary rays not to be sieve tubes. My own 
observations on O. vegalis are precisely in accord with those of 
DeBary and Janczewski. The cells opposite the medullary rays 
differ in no way from the sieve tubes opposite the xylem strands. 
I have found the same to be true of the other species studied, 
with the additional observation that isolated sieve tubes occur 
sometimes in the tissues filling the leaf gaps of O. cinnamomea. 

"JANCZEWSKI: of. cit. 66. 


*®DEBARY:: of. cit. 360. 19 STRASBURGER : Of. cit. 449. 


2 
3 


396 BOTANICAL GAZETTE [DECEMBER 


To this last observation I have two others to add, namely 


the occurrence of an internal phloem in which the sieve tubes 
form a more or less continuous ring (figs. 27, and 22), and in 
rare cases the union of external and internal phloem through a 
leaf gap. Ina certain rich, moist situation about a dozen well 
nourished plants of O. cimmamomea grew, of which, on examina- 
tion, five showed the phenomenon of a continuous layer of inter- 
nal phloem. Search in an adjoining locality resulted in finding 
specimens which showed the same feature. To extend the range 
of observations, I visited a peat bog some twenty miles distant 
from Toronto, where I knew the cinnamon fern grew, and 
secured specimens characterized by the same peculiarity, Fig, 
21 shows atransverse section of a stem found in this last locality. 
The sieve tubes of this internal phloem are as typical as those of 
the external, and except for their position not be distinguished 
from them. They do not always form a continuous ring as do 
the sieve tubes of the external phloem, but are often in more or 
less detached groups, embedded in small celled parenchyma. 
The layer of sieve tubes is from one to three cells thick. It 
should be added that internal phloem occurs only near where 
the forking of the stem takes place. 

O. cinnamomea shows likewise two other features which are 
constant throughout every part of the stem, and at once distin 
guish it from other species: (1) an internal endodermis, and (2) 
several layers of parenchyma between this and the xylem. 

INTERNAL ENDODERMIS.—The internal endodermis possesses 
the characteristic radial dot, though sometimes not as clearly 
distinguishable as in the external endodermis (7. e., jig. 2)- Its 
cells are usually larger than those of the latter, but are filled 
with similar contents, most frequently tannin (fig. 75). It is 
further to be noted that it bends outwards opposite the leat 
gaps (figs ro, etc.), and not infrequently connects through them 
with the external endodermis. I have examined scores of stems 
of the cinnamon fern, and in every specimen there was an internal 
endodermis. On the contrary, it seems to be invariably absent 
from the other species studied. As the central cylinder of the 
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family Osmundaceae has heretofore been classed as monostelic, 
the existence of an internal endodermis in one of the species is 
therefore a matter of considerable moment, especially if it be 
regarded as a real phloeoterma. 

Between the internal endodermis and the xylem there is a 
cylinder of elongated parenchyma, rich in starch and protoplasm, 
and from two to seven cells in thickness. This layer is continu- 
ous with the medullary rays. In O. regalis, O. Claytoniana, T. 
barbara, and T. superba a similar but thinner layer it found as a 
rule, and the cells are always smaller and richer in contents than 
those of the medulla on which they border. 

THE MEDULLA.—The medulla is very large in this family, 
particularly so in O. Claytoniana, and consists of large-celled 
parenchyma. Most of the cells are partly filled with large 
starch granules, but frequently some of them contain tannin, 
especially in 7. barbara. A brownish fluid may occur in inter- 
cellular spaces, and in O. vegalis within the cells themselves. In 
these regards there is often a striking resemblance between the 
parenchyma of the medulla and that of the internal cortex in the 
same plant. But there yet remains to be described a still more 
significant phenomenon, namely, the occurrence in the pith of 
brown sclerenchyma of the same kind as is found in the external 
cortex (figs. rg and 20). This is probably a primitive feature, 
and in this, as in many other respects, O. cinnamomea proves to 
be most interesting. Out of forty-four pieces of stem, chosen 
at random, and representing a corresponding number of different 
plants of this species, twenty-five of the examples showed brown 
sclerenchyma in one or both ends. It occurs as a central strand, 
varying in size from a few cells to almost the limits of the pith, 
or as several small strands irregularly arranged. Fig. 74 is a 
photograph of the transverse section of a stem in which there is 
a large axile strand, and fig. 15 Qf one in which the scleren- 
chyma is entirely absent from the pith. Further it has the 
peculiar habit of being present at one level, but perhaps not at 
another ; so it is likely to be found in nearly every plant if the 
stem be sectioned from end to end. 
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This same habit is characteristic of its appearance in 0, 
regalis (fig. 20), but more often it is not present at all. That 
brown sclerenchyma occurred in the pith of O. regalis did not 
escape the observant DeBary,” but elsewhere I find no reference 
to this fact. Strangely enough, however, out of thirty-five or 
forty plants harvested from one locality there was not a trace of 
sclerenchyma to be found in the medulla of any of them, while 
in one region not far distant 25 per cent. showed this phenome- 
non, and in another a still higher per cent. 

Parenchyma is the sole constituent of the medulla of 0. Clay- 
toniana (fig. 17). This is probably true of 7. superba too. Fig. 
25 is a cross section of 7. darbara taken too near the growing 
point to show sclerenchyma, but farther down the medulla was 
occupied by a large strand of this tissue (fig. 24). 

Thus medullary brown sclerenchyma is usually present in 0. 
cinnamomea, in O. regalis not uncommonly, and in O. Claytoniana 
not at all. In 7. darbara it also occurs, but apparently not in 
T. superba. It is perhaps significant that such series can be 
arranged, but of greater importance is the fact that the occur- 
rence in the Osmundaceae of brown sclerenchymatous tissue, 
apparently within the cauline central cylinder, has no parallel 
among existing ferns. 

THE FORK.—There yet remains to be described the anatomy 
of one particular portion of the stem, the part in the region of 
bifurcation. It has been stated that it is peculiar to the stem of 
the Osmundaceae to fork once, and that in a horizontal plane. 
We shall treat first of the phenomenon in O. cinnamomea. Trac- 
ing the main stem forwards, it is seen to become flattened and 
then to become constricted in a median vertical plane. Imme- 
diately anterior to the point of bifurcation of the vascular axis, 
there is a wide ramular gap in the central cylinder of each 
branch (fig. 70). Sections of the main axis immediately below 
the fork show two bands of phloem, one on the upper and one 
on the lower internal surface of the central cylinder (fg. 73). 
Sections passing through just in front of the region of bifurcation 


20 DEBARY: of. cit. p. 290. 
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show similar bands of phloem along the inner wall of the 
central cylinder of each branch (fig. zz). Cases have been 
described above, in which there is a complete cylinder of inter- 
nal phloem instead of the two isolated bands just referred to 
(fig. 21). The internal and external phloem connect through 
the ramular gaps (fig. zz). Likewise the internal and external 
endodermis are in textural continuity through these gaps, so that 
there is free communication between the cortex and the pith 
(fig. 10). 

Sometimes the cortex lying between the two branches con- 
tains brown sclerenchyma which is continuous through the ramu- 
lar gaps with strands of the same tissue occurring in the medulla 
of the branches. Frequently in less vigorous plants a transverse 
section of the main axis posterior to the point of ramification 
shows a diamond-shaped piece of cortex surrounded by endo- 
dermis (fig. 72). Posteriorly this included piece of cortex 
becomes continuous with the medulla of the main axis (jig. 73), 
and anteriorly with the general cortex (fig. 71). 

Twenty-five forks of O. cinnamomea were selected at random 
and sectioned. Twelve of them presented the phenomenon of 
typical wide ramular gaps. Six of them were of the reduced 
kind just described. In five cases there were gaps in the xylem 
only, cortex and medulla never becoming continuous; and in 
two even the xylem did not open up (fg. 76). For reasons to 
be outlined later, the writer believes the wide gaps to be the 
most primitive. 

0. regalis presents a much degenerated form of ramular gap, 
for here only the xylem opens (fig. 79). In O. Claytoniana the 
degeneration is carried still farther, for as a rule there are no 
branch-gaps at all (fig. 78). In 7. darbara the xylem alone may 
open up. 

The phenomena of the fork may be thus summarized : 

(1) Complete ramular gaps occur only in O. cimnamomea. 

(2) Internal phloem occurs only in QO. cinnamomea. It is 
found in the branches just above, and in the parent axis just 
below the point of bifurcation of the central cylinder. 
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(3) The internal phloem may form an entire cylinder, 

(4) Where gaps are complete, the cortical and medullary 
tissues connect through them. 

(5) Thus sclerenchyma of the cortex is sometimes continu- 
ous with sclerenchyma in the medulla of the main axis, and of 
the branches. 

(6) O. cinnamomea presents the following forms of ramular 
gaps arranged in order of degeneration, (a) complete gaps, (0) 
phloem and xylem only open, (c) the xylem alone opens, (d) 
no gaps at all. 


(7) O. regalis and T. barbara show gaps in the xylem only, 
and in O. Claytoniana there are usually none at all. 0. Claytonm- 
ana, therefore, presents the extreme case of degeneration. 


THE LEAF TRACE. 


The leaf traces pass very obliquely up through the external 
cortex. A section of a leaf trace shortly before it passes into 
the petiole presents some noteworthy characters. In the first 
place there is no pith, but a solid horseshoe-shaped mass of 
xylem with the convex side turned outwards (fig. 5, x). The 
xylem is made up of large scalariform tracheids with a protrud- 
ing mass of a few small vessels constituting the protoxylem. 
The protoxylem is-situated on the inner face of the single strand 
of xylem (fx), and is continuous with that of the stem. In 7. 
barbara it frequently breaks into two or three groups. 
Surrounding the wood is a layer of parenchyma, which on 
the concave side of the xylem quite fills the space between the 
arms of the horseshoe. The phloem consists of a crescentic 
band of sieve tubes, one to three cells thick on the external 
side of the leaf trace (pz), and a smaller band on the opposite 
side (ph). The protophloem consists of small elements which 
form a ring, broken only on the concave side of the xylem. 
Here the ring is completed, however, by the inner band of 
metaphloem. In O. cinnamomea and T. barbara isolated proto- 
phloem cells have been observed by the writer on the side of the 
inner band of metaphloem towards the stem axis. On the convex 
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side the protophloem is separated from the metaphloem by paren- 
chyma. There are no ‘‘quergestreckte Zellen.” The pericycle 
consists of two or three layers of cells, and is bounded by a well 
developed endodermis continuous with that of the stem. With 
reference to the attachment of the leaf trace to the cauline 
vascular axis Zenetti has given a very careful and accurate 
description.” 

Strasburger has held* that the stele of the petiole of O. 
regalis is a collateral bundle. He has considered the inner band 
of metaphloem to be a parenchymatous tissue. However, the 
cells of this band prove to be characteristic sieve tubes, and are 
continuous with sieve tubes in the stem opposite the medullary 
rays. The leaf traces, therefore, are undoubtedly concentric. 
Several botanists have arrived at the same conclusion for (QO. 
regalts,* 74 

In summary, the most important features of the leaf trace 
are: (1) the absence of a pith, (2) the endarch xylem strand. 
(3) the concentric type of stele, (4) the absence of “ querge- 
streckte Zellen,” and (5) the cylinder of protophloem completed 
on the inner face by a band of metaphloem. 


THE ROOT. 


The roots have a definite relation to the leaves, both in posi- 
tion and in numbers. Two roots invariably originate from the 
base of every leaf trace, or from the central cylinder immediately 
below. They come off at the same level, one opposite each arm 
of the horseshoe-shaped strand of xylem (fig. 78) in every case 
where there are just two roots to a leaf. They grow almost 
directly outwards, and so in a transverse section of the stem are 
cut longitudinally. In such a section it is seen, likewise, that 
the cortical tissues of the stem and root are entirely independent 
of each other, and that, therefore, the root is of endogenous 
origin. This fact is true of the secondary roots also. 

* ZENETTI: of. cit. 69. 

*™STRASBURGER : of. cit. 448. 

SSCOTT : of. cit. 319. 
“ZENETTI: of. cit. 66. 
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The cortex is exceedingly thick, forming by far the main 
bulk of the root, and consists of large celled sclerenchymatous 
tissue. The cortical cells diminish in size towards the periphery, 
and become thicker walled. In 7. darbara, however, there js a 
discontinuous ring of exceedingly thick walled brown scleren- 
chymatous cells immediately surrounding the vascular axis, 
The endodermis, which is continuous with that of the stem and 
leaf, is very pronounced in all of the species, and is at once 
noted by the radial dot, and by the fact that its cells are filled 
with tannin. In the second particular, exception must be gener- 
ally made of O. Claytoniana. 

The stele is comparatively small, and is typically protostelic, 
since there is no pith. The wood has a narrow elliptical form, 
consisting mainly of very large scalariform tracheids. At each 
end of the ellipse there are a few small protoxylem elements, 
which are especially evident in the young root, and which have 
no connection with the protoxylem of the stem or leaf. The 
root, therefore, is diarch. There are likewise two bundles of 
phloem alternating radially with the bundles of xylem. In all 
of the Osmundas, however, { have observed triarch steles in the 
larger roots, which exception is of comparative frequence in 0. 
cinnamomea. The phloem consists of two flat bundles or bands. 
These bands are made up chiefly of thin walled sieve tubes 
which are of the same kind as‘occur in the stem. None of them 
are ‘‘quergestreckt.” The phloem is separated from the xylem 
by three or four rows of parenchyma, and from the endodermis 
by a two rowed parenchymatous pericycle. 


DEVELOPMENT OF THE TISSUES FROM THE GROWING POINT. 


In discussing this subject there are two points in particular 
which will receive special consideration: (1) the statements of 
Strasburger and Zenetti regarding the origin of the endodermis, 
and (2) the real nature of the “ quergestreckte Zellen.” 

The determination of the relation of the tissues to the apical 
cells seems of little concern, and moreover in the study of the 
apical region of the growing point there are serious difficulties. 
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Having described these for O. regalis, Professor Bower aptly 
remarks :*5 

The meristem being thus at times irregular, and the subdivisions of the 
segments being variable, it is to be expected that the study of it (the apical 
region of the growing point) in longitudinal section would present difficulties, 
and | have not been able to trace any definite and characteristic mode of 
segmentation. Longitudinal sections cut from a considerable number of 
stems show that a conical apical cell is present. The relations of the sur- 
rounding tissues, and their reference to regularly succeeding segments are 
difficult to recognize. 

To these observations on the extreme apical end of the growing 
point we have nothing to add, but pass further down the stem. 

A short distance from the apex of the stem, the various tis- 
sues, though in embryonic form, become apparent. The cylinder 
of wood, whose thin walled, unlignified cells are still provided 
with protoplasm and nucleus, can be distinguished from the pith, 
the parenchyma in the leaf gaps, and the immature phloem. 
The pericycle is rich in protoplasm, and its cells are radially 
arranged. At an earlier stage still, even before there is any evi- 
dent differentiation in the vascular tissues, the leaf traces can be 
seen coming off from the cauline vascular axis. 

When the protoxylem can be first demonstrated by phloro- 
glucin and hydrochloric acid, the endodermis (both internal and 
external in the case of O. cinnamomea) is also demonstrable by 
the same reagents, though not before. Zenetti has claimed” 
that at the time the protoxylem is formed, the endodermis, peri- 
cycle, “quergestreckte Zellen,” protophloem cells, and some 
cortical cells are all in the same radial rows; and that, there- 
fore, all have originated from the same mother layer. Stras- 
burger has asserted?” that the tissue lying in the stem between 
the phloem and the endodermis and occupying the position of a 
pericycle arises by tangential divisions with the endodermis out 
of the innermost cortical layers Therefore, not the entire 
phloeoterma, he claims, but the outer division product is that 
which gives origin to the endodermis. 


BOWER: The comparative examination of the meristems of ferns as a phylo- 
genetic study. Ann. Bot. 3: 323. 1889. 


*ZENETTL: of. cit. 64. 27 STRASBURGER : Of. cit. 449. 
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Now, at the time the protoxylem elements appear, I did not 
find, in the species examined, the cells of the endodermis cor- 
radial with those lying centrad. It is true that in younger 
stages the cells in this region are in radial rows; but nearer still 
to the punctum vegetationis this is approximately true of all the 
cells of the stem. At this earliest stage one would hesitate to 
say, because certain cells were corradial, that they were therefore 
division products of the same mother cells; so Zenetti’s con- 
clusion, based on this sole argument, scarcely seems conclusive, 
even granting the correctness of his observation. If, too, such 
a conclusion were correct there would be the curious anomaly of 
certain phloem and cortical tissues having a common origin. 
Evidently the study of transverse sections cannot settle the 
matter. To attempt to follow these layers upwards is obviously 
only possible in median longitudinal sections. But in the stems 
of the Osmundaceae the leaf traces are exceedingly numerous, 
and at the growing point are closely packed together, and 
appear before the tissues of the cauline central cylinder become 
at all differentiated. Hence, no matter what be the plane of 
section, the endodermis cannot be traced continuously very far 
anteriorly to the point at which it is differentiated, for a leaf 
trace is certain to intervene; andI found it quite out of the 
question to pick out an undifferentiated endodermis on the side 
of the leaf trace turned towards the apex. Therefore, every 
attempt failed to refer the endodermis and the rows of cells 
‘occupying the place of the pericycle”’ to the same initial layer. 
The typical protophloem, and the ‘ quergestreckte Zellen” 
begin to be differentiated simultaneously with the appearance of 
the protoxylem. They are best examined in tangential sections. 
Their walls at this time become pitted, and their contents much 
less granular than those of the surrounding cells. Here, as in 
the maturer parts of the stem, there appear to be no differences 
between the typical protophloem and the “quergestreckte Zel- 
len.” Their relation to the leaf traces seems to explain their 
irregularity in orientation. Immediately below the point of ori- 
gin of a leaf trace they are arranged with their long axes parallel 
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to the long axis of the stem, and there is a gradual transition to 
the tangential position. More than this, the laterally placed 
protophloem cells of the leaf traces can be directly traced into 
the “ quergestreckete Zellen” of the stem. There seems little 
doubt, therefore, as to their nature. 

To summarize observations: (1) The ‘“ quergestreckte Zel- 
len” are sieve tubes, as has been demonstrated above; (2) they 
become differentiated at the same time as the typical proto- 
phloem, and (3) occupy the same relative position ; (4) they 
resemble the protophloem cells in form; (5) their orientation is 
not uniform; (6) they pass imperceptibly into the longitudi- 
nally orientated protophloem cells of the leaf traces. Hence 
there seems no reason to regard thei as anything else than pro- 
tophloem. 

CONCLUSIONS. 

The question now remains, how to interpret the vascular sys- 
tem of the Osmundaceae. To do this more intelligibly, it will 
be well to recapitulate the main fibrovascular theories. We shall 
begin with that of Sachs and DeBary. 

These botanists regarded the bundle as the unit, and the vas- 
cular system as a more or less simple complex of bundles 
embedded in ground or fundamental tissue. Developmental 
studies have shown that this theory is inadequate, for the unit is 
wrong. 

The hypothesis which at present obtains was supplied by Van 
Tieghem and Strasburger. In this conception**:3* the stele is 
the unit. The primitive form of stele, the monostele, such as 
occurs for example in most roots and in the stems of lycopods, is 
asolid central strand of xylem, surrounded by a sheath of phloem, 
and marked off from the cortex by the differentiated internal 
cortical layer, the endodermis. Of this there are many modifi- 
cations, of which mention is made of the most important. By 
the repeated bifurcation of the monostele, the polystelic type is 

*VAN TIEGHEM: Traité de Botanique 673, 765. 

*VAN TigGHEM : Sur la polystélie. Ann. Sci. Nat. Bot. VII. 3: 275. 
®VaN TIEGHEM: Eléments de Botanique 1:84, 179. 
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presented, as in Primula and Pteris, each segment being in 
every respect a stele. If these steles fuse laterally, thus forming 
a ring with internal and external phloem, the gamostele is pro- 
duced as illustrated by Marsilia. Again, when parenchyma seg- 
regates in the axis of the monostele, and the vascular ring is 
broken into strands by ectad extensions of this pith (the medul- 
lary rays), we have the medullated monostelic type, such as is 
common in phanerogams. It is to be noted that the medullary 
and cortical tissues are considered by both these botanists to be 
of morphologically different value. Now by the bending in of 
the endodermis of the medullated monostele between the 
bundles, and the fusion of the ends of adjacent groups on the 
centrad side of the bundle, so that each bundle has its endoder- 
mal sheath, and medulla and cortex become continuous, the 
schizostelic or astelic type results. Of this phenomenon Ranun- 
culus and Equisetum afford examples. A modification of this 
type, the gamodesmic-schizostelic, is produced by the lateral 
fusion of these endodermal sheaths, so that there is a common 
internal and a common external endodermis. If the internal 
endodermis degenerates, as it does in Z. arvense, then there is 
evidently a simulation of the medullated monostele. It is fair 
to add that Strasburger dissents * from the last two types des- 
cribed, the astelic and the gamodesmic, for he regards the endo- 
dermal sheaths about the bundles in the first of these, and the 
internal endodermis in the second, as not morphologically 
phloeotermal, but originating from specialized stelar cells. 
The researches of Gwynne-Vaughan® and Jeffrey 3 have 
shown that the phenomena said to lead up to polystely do not 
occur in Primula and Pteris. If the polystelic conception falls, 
obviously gamostely goes too. Further, astely has been shown, 
where it occurs in Equisetum and Ranunculus, to be preceded by 
the gamodesmic appearance. Later the internal and external 
3 STRASBURGER : Of. cit. p. 442. 


32 GWYNNE-VAUGHAN : Polystely and the genus Primula. Ann. Bot. 11: 307: 
1897. 

33JEFFREY: Morphology of the central cylinder of angiosperms. Trans. Canad. 
Inst. 6:—. (1-40) 1900. 
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endodermis may fuse between the bundles, but in no case is there 
an inward looping of the endodermis. Finally, the stelar origin of 
the pith of the medullated monostele has been disputed, and the 
question raised as to whether the medullary and cortical tissues 
are in reality morphologically different. In other words, is the 
medullated monostelic type primitive, as its simplicity might 
indicate, or has it resulted by degeneration from more complex 
types ? 

It is interesting to note that Potonié had discussed this last 
question from the standpoint of fossil botany, and concludes* 
that it seems evident in the case of certain groups, such as the 
cycads, that the simple results from the complex (for example, 
the cycads from the Medulloseae). Hence for these groups at 
least he is inclined to reject this idea of segregation of parenchyma 
in the center of the protostele to form the medullated monostele, 
but holds that the medullated monostelic type has probably 
arisen by degeneration from his “pericaulom.”’ Since this peri- 
caulom was produced, according to his theory, by the lateral 
fusion of leaf bases in the stem surrounding the originally solid 
stele, the “‘urcaulom,” the medullated monostele has been derived 
from a form of central cylinder such as. Van Tieghem has 
described as polystelic, preceded or accompanied by the dis- 
appearance of the enclosed urcaulom. The paleontological 
evidence, however, appears not to be conclusive, for in the very 
group that Potonié cites, the cycads, so eminent a paleobotanist 
as Dr. D. H. Scott takes a directly opposite view. He points 
out’ that the vascular system of the Medulloseae was typically 
polystelic, while in the recent cycads there is but one vascular 
cylinder, and that hence “we should involve ourselves in unneces- 
sary complications if we endeavored to derive the simple, primary 
structure of the cycadean stem from the more elaborate organi- 
zation of a Medullosa. It is far more natural to suppose that 
the monostelic cycads arose from monostelic ancestors.” 


*PoToniE: Die Metamorphose der Pflanzen im Lichte palontologischer 
Thatsachen 22. 


38ScoTT: Studies in fossil botany 395. 1900. 
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In 1897, Dr. E. C. Jeffrey put forward another view of the 
vascular system,*® based upon a study of the young sporophyte. 


Here, too, the stele is the unit. According to this conception 
there are two primitive types of vascular axes; the first the same 
as Van Tieghem’s primitive type, and designated “ protostelic;” 
the second, one in which there is a hollow cylinder, or “siphono- 
stele,” whose external wall abuts on the cortex, and whose 
internal wall encloses the medulla, and which possesses internal 
as well as external phloem. This is the “amphiphloic siphono- 
stelic” type, called by Van Tieghem the ‘‘polystelic.” The 
commonly called “astelic’”’ modification results from the amphi- 
phloic type by a degeneration of the internal phloem, and the 
medullated monostelic type of Van Tieghem is derived from the 
astelic by the loss of the internal phloeoterma or endodermis. 
A study of development from the seedling is likely to show how 
these and other modifications in the stellar structure have been 
derived from the primitive types. Attention is also called to 
certain portions of the wall of the siphonostele in which the 
vascular tissues do not develop. These places lie above the 
points of exit of branch traces, and of leaf traces, and are known 
as ramular and foliar gaps respectively. Through these gaps the 
tissues outside and inside connect. In transverse section, the 
connecting tissues seen constitute the medullary rays, and the 
segments of the woody cylinder with adjacent phloem and 
parenchyma the bundles. A fact of great phylogenetic impor- 
was further pointed out, namely, 


” 


tance in dealing with ‘‘ gaps 
that in small leaved plants, as in the Lycopodiaceae, Equise- 
taceae, etc., only ramular gaps occur. These plants are grouped 
in the division Lycopsida, and their steles are said to be 
cladosiphonic. In all other vascular plants there is a gap for 
every leaf. These constitute the large leaved plants, the 
Pteropsida, and their steles are said to be phyllosiphonic. 
As a matter of theory, it is suggested that the siphonostele 
arose from the protostele for mechanical causes, in the Lycopsida 
to support the branches, and in the Pteropsida to support the 


36JEFFREY: Trans. Brit. Assn. Toronto. 1897. 
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leaves. Potonié also explains the origin of his second primitive 
type the ‘pericaulom,” the homologue of the siphonostele, on 
mechanical grounds. 

In the light of these theories we can now apply ourselves to 
an interpretation of the anatomy of the vascular system of the 
Osmundaceae, and likewise note if the facts already dealt with 
throw any light on the theories. 

First, we are in a better position now to decide whether the 
internal endodermis of O. cianamomea is phloeotermal or not. 
It has been noted that in similar cases, that is, in gamodesmic 
stems, Strasburger has denied the phloeotermal character of the 
internal endodermis. With regard to the internal endodermis 
the following facts have been observed : 

1. There is present the characteristic cuticularized “ radial 
dot.” 

2. The structure and contents of the cells are materially the 
same as of the external endodermis. 

3. The sheath is continued into the portions which in some 
individuals present the phenomenon of internal phloem, just as 
in any form called by Van Tieghem and Strasburger gamostelic. 
In the gamostelic type the phloeotermal character of the internal 
endodermis has been admitted. 

4. It generally connects with the external endodermis through 
ramular gaps, and by no means rarely through foliar gaps. 
When this occurs, there is no point at which it could be said that 
the one stops or the other begins. 

Having verified these facts in a great many cases, I am there- 
fore of the opinion that the internal and the external endodermis 
are homologous tissues. 

Second, are the medullary tissues morphologically equivalent 
to the cortical ? Again we recapitulate observations. 

I. They do not differ in structure or in contents. 

2. The medulla very often contains brown sclerenchyma, at 
least in three species studied, a tissue which, in other ferns, 
hever constitutes a part of the stele. 


3. Medulla and cortex connect more frequently than not 
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through the ramular gaps in O. cinmnamomea, and occasionally 
through foliar gaps; and neither is there a transition in the 
nature of the connecting tissues, nor any line at which we can 
say, the cortical tissues lie externally to this and the medullary 
tissues internally. 

4. The cortical and the medullary brown sclerenchyma some- 
times fuse through ramular gaps in O. cinnamomea. 

5. Portions of stem of O. cimnamomea have been found which 
are of the “gamostelic” type of Van Tieghem. The medulla 
in gamosteles is granted to be morphologically a cortical tissue. 

The conclusion is evident for O. cinnamomea at least, and if 
it be granted that the medullary tissues of this species are 
morphologically equivalent to the cortical tissues, then biological 
principles alone would demand a like conclusion for the other 
species. 

Third, of what type is the vascular system of O. cinnamomea? 
Again the facts must form the basis for a decision: 

1. The young stem of O. cimnamomea possesses an entirely 
closed hollow vascular cylinder, sheathed with phloem and 
broken only immediately above the exit of a leaf trace; and at 
a level higher up the cylinder is entirely closed again. There is 
a medulla and an internal endodermis. 

2. In older plants the leaves are more frequent, and the gaps 
extend through several internodes; but yet the cylinder is the 
unit. The cylinder of phloem is quite rarely broken, except 
where branching takes place. 

3. There is an internal endodermis which is persistent 
throughout the entire central cylinder of the stem. 

4. As a rule the internal endodermis bends out opposite leaf 
gaps. 

5. There is an internal phloem in portions of some plants. 

6. Not only does the cylinder of external phloem remain 
practically unbroken, but opposite leaf gaps there is on the 
inner side a proliferation of sieve tubes. In 0. regalis Janczewski 
found isolated sieve tubes in the parenchyma filling the leaf 
gap; and the same thing is true of O. cimnamomea. 
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According to Van Tieghem’s stelar theory, the last two 
facts can be explained only by considering the central cylinder 
of the Osmundaceae to be “gamostelic.” The centrad exten- 
sions of the phloem opposite the medullary rays could then be 
explained by assuming that steles had united laterally, with the 
disappearance of phloem on the medullary side, but with the 
partial persistence of phloem on the radial planes. This would 
also explain the occurrence of internal phloem, the union of 
internal and external endodermis, and the homology of medul- 
lary and cortical tissue. But from the study of development 
there is not a shred of evidence to prove that there has been a 
union of steles. In fact, such a study shows distinctly that 
there is but one stele in the stem of O. cinnamomea from the 
very first. Van Tieghem’s observations on QO. regalis have 
already been quoted (see INrRoDUCTION); so we cannot describe 
the cauline vascular system as “ gamostelic,” if this name 
implies a union of steles. 

There remains yet another interpretation, namely, that the 
vascular system of the stem of O. cinnamomea is a siphonostele 
in which some degeneration from the primitive type has taken 
place. It has been pointed out in a description of the concep- 
tion of the vascular system held by Dr. E. C. Jeffrey that the 
most primitive siphonostele is the amphiphloic siphonostele. 
In this there is an internal phloem and phloeoterma, and in its 
phyllosiphonic form there are wide leaf gaps and branch gaps 
through which internal and external phloem, internal and 
external phloeterma, and medulla and cortex connect with each 
other. In O. cinnamomea the gaps in this primitive type have 
closed somewhat, so that medulla and cortex rarely connect 
except through ramular gaps. Also the phloem forms an 
almost unbroken cylinder, and the centrad proliferations opposite 
the medullary rays are the vestigial relics of connection between 
external and internal phloem. The internal phloem has also 
disappeared in ‘greater part. 

. With such a conception of the cauline vascular system of O. 
cimnamomea, the centrad accumulation of sieve tubes opposite 
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the medullary rays, the occasional presence of sieve tubes in the 
medullary rays, the fact of the internal phloem, the connection 
of medulla and cortex through ramular and _ foliar gaps, the 
presence of sclerenchyma in the medulla, the bending out of the 
internal endodermis into the leaf gaps, and the facts of develop- 
ment, all become intelligible. 

Fourth, which of the species studied possesses the most prim- 
itive type of central cylinder ? 

After a fairly comprehensive study there is one feature that 
stands out prominently, the great similarity and uniformity of 
vascular structure in the various species of Osmunda and Todea. 
According to Solms-Laubach the stems of fossil remains of this 
family, of which none earlier than the Tertiary have been found, 
do not present any striking differences from the living represen- 
tatives. Paleobotany, therefore, offers no solution to the prob- 
lem. Inspite of the conservatism of the central cylinder, there 
are, however, minor anatomical differences. On the basis of 
these alone, without referring to the young sporophytes, | think 
there is sufficient warrant for placing O. cinnamomea at one end 
of the series, possessing as it does an internal endodermis, inter- 
nal phloem, and wide ramular gaps. It is difficult to say which 
species is to be placed at the other end of the series. In view 
of the fact that O. Claytoniana never has sclerenchyma in the 
medulla, that there are small or even no ramular gaps, no inter- 
nal sclerenchyma, and even a degenerated external endodermis, 
we may not be far astray in putting it in the position farthest 
from O. cinnamomea.. Now of these two, which retains a cen- 
tral cylinder more nearly primitive ? If O. regalis has a medul- 
lated monostelic central cylinder, as has hitherto been claimed 
for it, then O. Claytoniana has also, and therefore, according to 
Van Tieghem, a more primitive form than that of O. cinnamomea. 
Assuming the correctness of this for the moment, it will be in 


order next to see if such phenomena as presented by O. cinna- 
momea could be derived according to Van Tieghem’s hypothesis 
from such a simple medullated monostelic form as that of 0. 
Claytoniana. 
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The phloem sheath must have broken into bundles, and the 
endodermis must have looped in between the bundles, and con- 
nected around them on the centrad side. With the formation 
of this astelic type some of the cortex would have been included 
in the medulla, in evidence of which the sclerenchyma in the 
pith would stand as proof. Then next the bundles must have 
fused laterally to produce the gamodesmic type in which there 
isan external and an internal endodermis. Granting that the 
central cylinder could be so plastic in a single species, there are 
left yet to be explained the continuous sheath of phloem, the 
proliferation of sieve tubes opposite the medullary rays, the 
occurrence of isolated tubes in the medullary rays, the occur- 
rence of internal phloem, and the phenomena of the ramular 
gaps. Further, there are no facts in development that point to 
such a series of changes. 

Turning now to the other alternative, namely, the possibility 
that O. cinnamomea has the more primitive form of central cyl- 
inder, it will be granted that by the degeneration of internal 
phloem, endodermis, and medullary sclerenchyma, and by the 
closing of the ramular gaps the central cylinder such as we find 
in 0. Claytoniana would result. In proof that such degeneration 
could have taken place, it is to be noted (1) that in O. ctnnamomea 
itself, it has been pointed out that the amphiphloic condition is 
localized, that the internal endodermis has already begun to 
degenerate, that medullary sclerenchyma is not a constant fea- 
ture, and that closed steles above the point of branching are not 
at all uncommon; and (2) in further proof, analogous cases of 
degeneration within the same genus are frequent. Thus within 
the genus Equisetum two species suchas &, arvense and E. hiemale 
may be chosen, the first long considered medullated monostelic 
and more primitive, the second gamodesmic and considerably 
modified. But a study of development and of nodal por- 
tions of the stem has shown that &. arvense has a reduced cen- 


tral cylinder, the product of degeneration from a gamodesmic 
type, and that therefore &. hiemale is nearer the primitive. Sim- 
ilar cases of degeneration have been pointed out by Van 
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Tieghem, Poirault, and Jeffrey, in the genera Ophioglossum, 
Botrychium, Equisetum, Ranunculus, etc. Very lately Boodle, 323 
has called attention to an interesting series of central cylinders 
in the family Schizaeaceae. Anetmia Phyllitidis has a ring of 
separate bundles, each with a band of xylem surrounded bya 
phloem, pericycle, and endodermis of its own; A. Mexicana has 
a complete ring of xylem in the internodes with external and 
internal cylinders of phloem and endodermis ; Schizaea has a 
ring of xylem surrounding a central pith, but no internal phloem 
or endodermis. It is likely that here, too, the Schizaea tvpe is 
derived from the Aneimia type by degeneration. In the Hymen- 
ophyllaceae likewise, every grade is found from the case in 
which the phloem of the solid stele forms a complete ring to 
that in which it is developed on one side only. 

After examining a number of comparatively young specimens 
of O. Claytoniana, 1 am somewhat doubtful if the study of 
the development of this species will throw any further light on 
the subject of morphology; but for O. regalis 1 am more hope- 
ful. Nevertheless, aside from further developmental proofs, I 
incline to the view that O. cimnamomea possesses the most 
primitive type of central cylinder. I again recapitulate the 
reasons: 

1. The opposite view demands a very plastic central cylinder 
in one species alone, not differing very greatly in habit from the 
others. 

2. There would still remain phenomena that the opposite 
view could not explain. 

3. There are no facts of development even in analogous 
cases to support the opposite opinion. 

4. The view adopted here demands only slight changes, and 
those are of degeneration, to explain all the phenomena. 

5. There are precisely similar analogous cases of degenera- 
tion. 

6. Within the species O. cinnamomea itself, every phase of 

3? BOODLE: Stem structure in Schizaeaceae, etc. Brit. Assn. Dover, 1899. 


3 BooDLE: On the anatomy of the Hymenophyllaceae. Ann. Bot. 14: 455: 
1900. 
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degeneration except the entire disappearance of internal endo- 
dermis is observable in suitable specimens. 

When we attempt to orient the other species amongst them- 
selves, the task is more difficult, and of little importance. As 
already indicated, a closer study of development may afford 
more precise proofs. In the mature stems we have seen that 
0. regalis occasionally has sclerenchyma in the medulla, that 
there are ramular gaps, though usually small, and that the external 
endodermis is well developed. In O. Claytoniana, on the other 
hand, sclerenchyma is never found in the medulla, ramular gaps 
are infrequent, and the external endodermis shows indications of 
degeneration. In neither of these species is internal endodermis 
or internal phloem present. The probability, therefore, is that 
in the genus Osmunda there is a series, O. cinnamomea possessing 
the most primitive type of central cylinder and O. Claytoniana 
the most degenerate, O. regalis occupying a middle position, but 
nearer to the latter. It is merely interesting to note in passing 
that Professor Campbell concluded from his study of the pro- 
thallia of O. Claytontana and O. cinnamomea, that the gametophyte 
of the former was more specialized in many particulars, in other 
words, was less primitive in type than the latter. 

Fifth, does a study of the vascular system help to determine 
the phylogenetic position of the Osmundaceae ? 

It was stated at the beginning of this paper that botanists 
have regarded the Osmundaceae as possessing an anomalous 
form of central cylinder among the Filicales, their reason being 
that it seemed to present more of the features of a central 
cylinder such as is typical for dicotyledons, that is, a medullated 
monostele in Van Tieghem’s terminology. In determining the 
position of the family, therefore, in any natural system of 
Classification, it was hopeless to try to reconcile this single 
dicotyledonous character with the remaining filicinean characters, 
and so the vascular system in the family was regarded as 
anomalous. 


%CAMPBELL: On the prothallium and embryo of O. Claytoniana and O. cinna- 
momea. Ann. Bot. 6: 49. 1892. 
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It is fair to note that Zenetti dissented *° from the prevailing 
view, and evidently for the reason that he attached some value 
to the nature of the central cylinder from the phylogenetic 
standpoint. Hence he sought to find the same type amongst 
the vascular cryptogams. He rejected the ordinary fern type 
because it is ‘ polystelic,’’ and the lycopod type because there 
is no pith, obviously overlooking Se/aginella laevigata, Phylloglos- 
sum, etc. So finding no living form with which comparison could 
be established he turned to paleophytology. Among the Lepi- 
dodendraceae he found the prototype sought for, especially in 
such of these fossils as L. Harcourtii, and the Sigillarians, because 
in these the wood is broken into bundles between which there 
are medullary rays. But he evidently did not grasp the signif- 
cance of bundles and medullary rays in relation to leaf traces 
and branch traces. In O. regalis, too, the protoxylem is endarch, 
while in those ancient lycopods it was exarch. The stele of the 
Lepidodendraceae, as in all plants bearing palingenetically small 
leaves, was cladosiphonic, while O. regalis is phyllosiphonic, as 
are all primitively megaphyllous plants. Hence any attempt to 
establish a relation between the central cylinder of modern ferns 
and of those ancient horsetails must fail. Indeed, of the early 
fossil forms preserved, the one with a central cylinder most 
closely resembling that of the Osmundaceae, as has been pointed 
out by Dr. Scott,#* seems to be the cycadofilicinean Lyginoden- 
dron (fig. 26). 

Further, we dissent just as strongly from the view that the 
family is anomalous in the matter of its vascular system. The 
typical fern stem possesses an amphiphloic siphonostele, as is 
especially revealed by a study of development. But degenerated 
forms of this are to be met with in almost every family, some 
examples of which have been noted. The Osmundaceae, as has 
been shown above, all exhibit some degree of degeneration from 
this type. It is therefore evident that the cauline vascular sys- 
tem of this family is neither primitive nor anomalous among the 
Filicales. 


4° ZENETTI: of. Cit. 73. 4*SCOTT: of. cit. 
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SUMMARY OF OBSERVATIONS. 


1. An internal endodermis has been demonstrated in Osmunda 
cinnamomea, but in none of the other species examined. This inter- 
nal endodermis is in textural continuity with the external endo- 
dermis through branch gaps, and sometimes through foliar gaps. 

2. Internal phloem has been found in QO. cinnamomea in the 
region of branching. This is continuous with the external 
phloem through ramular gaps. 

3. The external phloem of the Osmundaceae forms a contin- 
uous cylinder, a fact which De Bary has stated for O. regalis ; 
and is not broken opposite the medullary rays as Strasburger 
has affirmed of the same species. Isolated sieve-tubes have 
been found in the medullary rays of O. cinnamomea. 

4. The xylem forms a cylinder broken only by foliar and 
ramular gaps. 

5. Brown sclerenchyma has been shown to be usually present 
in the medulla of O. cinnamomea, not uncommonly in O. regalis, 
and not at all in O. Claytoniana. It occurs likewise in Todea 
barbara, but has not been observed in 7. superba. 

6. The medullary and cortical tissues of the Osmundaceae 
are histologically equivalent. Brown sclerenchyma, which is 
not an intrastelar tissue in other ferns, occurs in both medulla 
and cortex; and in O. cinnamomea the brown sclerenchyma of 
the medulla is in continuity with that of the cortex. 

7. In O. cinnamomea the typical ramular gap is one through 
which internal and external endodermis, internal and external 
phloem, cortex, and medulla connect. Every stage of degen- 
eration has been observed in O. cinnamomea, however, down to 
the completely closed steles. O. vegalis has a gap in the wood 
only, and O. Claytoniana usually none. 

8. The so-called ‘“‘quergestreckte Zellen” pointed out by 
DeBary in O. vegalis, and more fully described by Zenetti, have 
been found in all the species studied. They are sieve tubes, 
possessing all the characteristic features of sieve tubes, even 
that of callus plugs. Their irregularity of orientation is shared 
by the other peripheral tissues of the central cylinder, and is 
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apparently due to disturbance caused by the exit of the large 
leaf traces. 

g. Callus plugs have been demonstrated in the sieve tubes, 

10. A study of the growing point has further shown that the 
‘‘quergestreckte Zellen”’ and the typical protophloem are of the 
same kind; but it has failed to verify Strasburger’s statement 
that the pericycle and the endodermis arise from a common 
maternal layer. 

11. The phloem forms a continuous’sheath in the leaf. 

12. The root possesses a protostelic, diarch, occasionally 
triarch, vascular axis. 


SUMMARY OF CONCLUSIONS. 


1. The internal endodermis in O. cimnamomea is to be 
regarded as phloeotermal in nature, a fact denied by Strasburger 
in homologous cases. 

2. The medullary and cortical tissues seem to be morpho- 
logically equivalent. 

3. Observations on the anatomy of the Osmundaceae have 
been confined heretofore to the cosmopolitan QO. regalis, and the 
subtropical Todeas. From these observations it was concluded 
by Van Tieghem that this family possessed a type of central 
cylinder anomalous among the vascular cryptogams, a type 
(the medullated monostelic type) peculiar to the phanerogams. 
The writer dissents from this view. It appears to be the case 
that the central cylinder of O. cinnamomea is not medullated 
monostelic, for the medulla is obviously extrastelar. Further, 
it cannot be regarded as gamodesmic on account of the topo- 
graphical distribution of the phloem. The most obvious inter- 
pretation seems to be that it is a degenerate form of the amphi- 
phloic siphonostelic type of central cylinder (polystelic type of 
Van Tieghem). 0. cinnamomea, O. regalis, O. Claytoniana form 
a series arranged in order of degeneration of their central 
cylinders, and the same is true of 7. barbara and T. superba. 


The present research was carried on in the Biological Depart- 
ment of Toronto University under the direction of Dr. E.C. 
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Director of the Botanical Gardens, Harvard University; Sir 
William Thistleton Dyer, Director of the Royal Gardens, Kew; 
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EXPLANATION OF PLATES XIV-XVII. 


Abbreviations used. 


cp, callus plugs. A, pericycle. 
c, cortex. ph, phloem, 


e. ¢., external cortex. p. ph., protophloem. 
z. c., internal cortex. px, protoxylem. 
e, endodermis. gu, quergestreckte Zellen.” 


e. é., external endodermis. root. 

z.é., internal endodermis. _ s. s. s., strands. 

/t, leaf trace. sc, sclerenchyma. 
m, medulla. x, xylem. 

m.r., medullary ray. 


PLATE XIV. 


Fig. 1. Transverse section of the stem of Osmunda cinnamomea. 

Fig. 2, Transverse section of part of central cylinder of O. cinnamomea. 

Fig. 3. Tangential section of O. regadis. 

Fig. 4. ““Quergestreckte Zelle” of 7. barbara, showing sieve plates and 
callus plugs. . 

Fic. 5. Transverse section of leaf trace of O. Claytoniana near the grow- 
ing point. 

Fic. 6. Transverse section of part of central cylinder of O. cinnamomea. 

Fic. 7. Sieve tubes of 7. barbara, showing sieve plates, “ globules bril- 
lants,” and callus plugs. 
Fig. 8. Transverse section of part of central cylinder of O. Claytoniana. 


PLATE 


Fic. 9. Tangential section of Zodea barbara, showing “ quergestreckte 
Zellen.” 


Fic. 10. Transverse section of O. cinnamomea, immediately above point 
of ramification, showing open branch gaps, 
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Fic. 11. Transverse section of O. céanamomea through nearly the same 
region in another plant. 


Fic. 12. Transverse section of same plant as in fig. 77, but lower down, 

F1G. 13. Transverse section of same plant as in 7g. 72, but lower down. 

Fic. 14. Transverse section of the central cylinder of O. cinnamomea, 
showing internal endodermis and brown sclerenchyma in the medulla. 


PLATE XVI, 


Fic. 15. Transverse section of central cylinder of O. cénmnamomea, show- 
ing internal endodermis and an absence of brown sclerenchyma in the 
medulla. 

Fic. 16. Transverse section of the stem of O. cinnamomea in the region 
of forking, showing absence of ramular gaps. 

Fic. 17. Transverse section of the stem of O. Claytoniana. 

Fic. 18. Transverse section of the stem of O. Claytoniana in the region 
of forking. 

FiG. 19. Transverse section of the stem of O. rega/zs in the region of 
forking. 

FiG. 20. Transverse section of the central cylinder of O. regadis, show- 
ing brown sclerenchyma in the medulla. 


PLATE XVI, 

Fic. 21. Transverse section of the central cylinder of O. cinamomea, 
showing internal phloem. 

Fic. 22. A part of the central cylinder of O. cinnamomea shown in fig. 
2z more highly magnified. 

Fic. 23. A transverse section of the young sporophyte of O. C/aytoniana, 
showing one foliar gap, und the corresponding leaf trace opposite. 

Fic. 24. fransverse section of the stem of 7. darbara, showing brown 
sclerenchyma in the medulla. 

Fic. 25. Transverse section of a part of the stem of 7. dardara nearer the 
growing point. 

Fic. 26. Transverse section of Lyginodendron Oldhamium, showing a 
leaf gap, a leaf trace opposite, strands of sclerenchyma in the medulla, and 
strands of primary xylem centrad of the cylinder of secondary xylem. 
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BRIEFER ARTICLES. 


SOME ERRONEOUS REFERENCES. 

In 1794 C. H. Persoon published in Roemer’s Meues Magazin fir 
die Botanik an important article that seems to have been almost 
entirely overlooked. It begins on page 63 under the title, Meuer 
Versuch einer systematischen Einthetlung der Schwaémme, and is con- 
tinued, pages 81-128, as Dispositio Methodica Fungorum, with four 
plates. This latter part was reprinted and considerably extended 
in 1797 as Zentamen Dispositionis Methodicae Fungorum. This work, 
from pages 1 to 48, is an exact copy of the 1794 article, so that any- 
one possessing the Zenfamen can give the correct reference to the 
original publication by simply adding 80 to the page number of any 
of the first 48 pages. The parts in the 1797 work that are new are the 
title-page, preface, and pages 49 to 76. The plates are the same. 

References for original descriptions in the main part of the 7Zew- 
famen should therefore be made to the 1794 paper instead. For 
Puccinia graminis and P. Circaeae, instead of 1797, as always given, the 
correct date is 1794, which is also the date of the original descrip- 
tion of the genus Uredo, instead of 1795 as given in Saccardo’s Sy//oge 
Fungorum and in Pfeiffer’s Momenclator Botanicus. 

C. H. Persoon also contributed ten species of Aecidium to Gmelin’s 
edition of Linne, Sys¢. Wat. 1791, and his name follows the descrip- 
tions. So we should write, for example, Aecidium LEuphorbiae Pers.; 
not Aecidium Euphordiae Gmel. In Usteri’s Annalen der Botanik for 
1796, pt. 19, p. 43, Persoon speaks of having contributed to Gmelin’s 
edition of this work. The date of these species is sometimes given as 
1796, which comes from reference to Gmelin’s edition of Linne, 
Syst. Veg., a work that is identical page for page, so far as the volume 
containing the fungi is concerned, with the earlier Syst. Vat., except 
in the title-page. 

In Hist. Fisica y Politica de Chile 8: 43, 1852, Montagne describes 
Puccinia Malvacearum Bertero, not P. Malvacearum Mont. as always 
written. That Montagne intended this is shown by his adding: ‘Solo 
me pertenecen el diagnosis y la descripcion.” 
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In his Flora Fernandesiana 10. 1835, Montagne also writes Uredo 
Cestri Bertero and Uredo Hydrocotyles Bertero, not Montagne as quoted 
in references to the work.—E. W. D. Hotway, Decorah, Jowa. 


PUCCINIA INANIPES. 


THROUGH some error the description of this species (Bor. Gaz. 31; 
332. 1901) is incomplete. It should be: 

Puccinia inanipes Diet. & Holw., n. sp.—Sori on both sides of the 
leaf, particularly on the upper, scattered, punctiform; uredosori brown; 
uredospores elliptical, brown, echinulate, 25-30 X 20-25; teleutosori 
black ; teleutospores broadly elliptical, rounded at both ends, and 
when dry with both ends depressed, scarcely constricted, apex with a 
very slight cucullate thickening, smooth, dark chestnut-brown, 34-42 X 
2831p, with long hyaline hollow pedicels which easily break at the 
base from the host plant. 

On Eupatorium brevipes, Oaxaca, Oct. 18, 1899, no. 3677.—E. W, 
D. Hotway, Decorah, Jowa. 


THE POSITION OF PLEUROCOCCUS AND MOSSES ON 
TREES. 


HavincG observed during the past winter that certain chlorophyll- 
containing plants do not grow most abundantly on the north side of 
trees, as is commonly supposed by the laity at least, and as stated in 
at least one of the more recent books on botany, the author herewith 
presents some of the results of his observations, which are still in 
progress. 

The trees on which the observations were made were located in a 
piece of woodland and were principally black oaks with a few white 
oaks, chestnuts, and beeches. The chlorophyll-containing plants 
found growing upon these trees were principally pleurococcus and 
some members of the Bryaceae. These were growing upon all sides 
on the bark of the trees except the southwest side, and approximately 
in the following ratio: In 1o per cent. of the trees upon the west 
side; in 10 per cent. upon the northwest side; in ro per cent. upon the 
north side; in 20 per cent. upon the northeast side; in 35 per cent. 
upon the east side; and in 15 per cent. upon the southeast side. 
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A further examination showed that they grew in the greatest pro- 
fusion on the shelving side of the trunks of trees with a slant of 10° to 
20°; furthermore trunks which were nearly vertical were not inhabited 
by these minute plant forms. They were, however, nearly always found 
upon the slanting surfaces near the ground. In some cases the growth 
extended approximately to a height of 20 or 30 feet, and the position 
varied as the shelving varied, so that the growth might extend on the 
same tree at different heights from go° to 270°. 

Rather careful observations thus far obtained tend to show that it 
is the shelving portions of the trunks of trees which receive and hold 
the greatest amount of moisture, and as the latter is apparently one of 
the most important requisites for the development of these green 
plants, we can readily understand why we find them distributed on 
nearly all sides of the trees, and not limited, as popularly supposed, to 
the north side of trees only.— HENry KRAEMER, Philadelphia, Pa. 


CONTRIBUTIONS TO THE KNOWLEDGE OF THE PHYSI- 
OLOGY OF KARYOKINESIS.'* 


(WITH ONE FIGURE) 


THE investigations, concerning which this is a preliminary report, 
were undertaken to throw more light upon the subject of the physiol- 
ogy of karyokinesis, a subject which has not received attention com- 
mensurate with its importance. This paper presents only the results 
regarding the relationship of light of various wave-lengths to the rapid- 
ity of mitotic nuclear division. The investigations were undertaken 
at the suggestion of Dr. E. Mead Wilcox and were completed under 
his direction. I take this opportunity to offer him my sincere thanks 
for constant and helpful suggestions throughout the course of the 
Investigations. 

The roots of Addium Cepa were selected as affording the most con- 
venient and suitable objects for the experiments. Bulbs of uniform 
medium size were selected with great care in the local markets. These 
bulbs were placed over suitable vessels in such a position that the base 
of the bulb barely touched the pure water with which the vessels were 
filled. The usual adventitious roots soon formed, and these were 


‘Contribution from the Botanical Laboratory of the Oklahoma Agricultural and 
Mechanical College. I. Abstract of thesis. 
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allowed to attain a length of about one centimeter before the bulb was 
transferred to the light cages as hereinafter explained. 

For the purpose of securing light of various wave-lengths, use was 
made of the usual double walled bell glasses prepared as follows: The 
first bell glass was filled with pure water and the second one was 
painted with a very thick coat of lampblack. Two other bell glasses 
were filled with solutions 4 and B respectively. Solution 4 was made 
by adding toa o.o6 ” solution of copper sulfate ammonia until the 
precipitate ceased to form. Solution & consisted of 0.05 » solution 
of potassium bichromate. 

For each of the experiments there were selected bulbs having roots 
at least one centimeter in length, and as many of these as possible 
were placed under each of the bell glasses prepared as above. The 
bulbs were then left under these glasses, so arranged as to allow of the 
normal respiration taking place, for between two and three days before 
the beginning of the experiment. Roots were then collected from the 
bulbs under each of the glasses at intervals of four hours during the 
twenty-four hours of the day. ‘The tips of the roots thus secured were 
killed in the usual chrom-acetic-acid fixing mixture and imbedded in 


paraffin according to the usual method. ‘The sections were cut 13.3p 
thick and stained according to Heidenhain’s iron-alum-haematoxylin 
method.” 


By means of a very simple method, devised during the investiga- 
tion, it was then possible to count accurately the number of nuclei in 
the process of division and the number resting. A uniform combina- 
tion of ocular, tube length, and objective were used throughout the 
work. In each case the slide was so adjusted as to include in the field 
nearly all the portion of the root tip lying back of the apical cells, the 
field being so placed as to include these apical cells. Within this field 
thus selected it was a relatively simple matter to make very accurate 
counts of the dividing and resting nuclei. Nuclei were classed as 
dividing from the first indication of segregation of the chromatic mat- 
ter in the prophase to the formation of the daughter nuclei at the close 
of the telophase. 

The following tabulation shows the results thus far secured by the use 
of theabove described methods applied to this investigation. Each per- 
centage as given represents the average of nine counts made on three 
sections taken from each of three roots, each of the three roots used being 


? Leg, A. B.: The microtomist’s vade-mecum 175-176. 1896. [4th ed.] 
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taken from a different bulb under similar conditions. It seems there- 
fore that the results secured are representative and trustworthy. ‘The 
percentages are in all case the proportion of nuclei found dividing. 


Time | Normal | Yellow Black 


12 P. M. 18.3 % 13.88% .9 % 11.4 % 
4 A.M. 14.0 12.4 
8 14.3 12.7 
12 A. M. 14.6 7 il. 12.6 
4P.M. | 13-4 14.8 
8 Pp. M. 13.6 


Averages 14.7 % 


In the accompanying figure these same results are represented in 
the form of curves showing the percentage of dividing nuclei under 
each of the four stated conditions of the 

experiments. 
———Yellow It will be seen that in the normal light 
—— the greatest percentage of dividing nuclei was 
found in roots collected at midnight, while in 
none of the other lights does this same rela- 
tionship hold true. 
In the roots grown 


in darkness there 
was found the low- 
est percentage of di- 
viding nuclei,at mid- 
night, and the high- 
: est percentage is 
e found at 4:00 P.M. 
PM PM Future studies 
must determine if this 
same relation, as exhibited in the curves shown, exists in cells having 
active chloroplastids during normal photosynthesis. Studies of this 
type are now under way, and further discussion of this subject is 
reserved until the completion of the investigations mentioned.— 


ARTHUR Carr Lewis, Agricultural and Mechanical College, Stillwater, 
Oklahoma. 


| 
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CURRENT LITERATURE. 
BOOK REVIEWS. 
Britton’s manual." 


SucH will probably be the familiar designation of a book that covers the 
area-so long known as that of Gray’s J/anua/. It is a book that has long 
been waited for, since it puts into sharp contrast the two extreme views con- 
cerning species and nomenclature. So long as the conservative position in 
reference to these matters was represented by the only handy manual of our 
best known region it was immensely strengthened, since it did the chief 
training in the use of manuals. Now, however, the issue is squarely joined, 
and both views will get that support which comes from usage. It seems to 
the reviewer, therefore, that some arguments heretofore used against the so- 
called radical views will disappear, and that the real test of usage can now 
be applied to both positions. 

The position of Professor Britton as to species and nomenclature is too 
well known to need explanation. For the first time, we have a manual pre- 
sentation of the idea of species applied to the ultimate recognizable segregates 
of plants. It is now to be tested whether those of ordinary training and 
experience can determine species in this new sense, or whether the use of a 
manual must now pass out of the reach of amateurs and be restricted to 
specialists. For example, can an amateur distinguish the 43 species of 
Viola found in Britton’s Manual as he can 18 species found in Gray's 
Manual, or the 13 species of Sisyrinchium and the 15 species of Antennaria 
found in the former, as he can the two and one species of the latter? This 
is not intended as the slightest criticism of the work of segregation now 
going on, much of which is undoubtedly necessary; but it is raising the 
question whether the use of manuals is not hereafter to be very much 
restricted. It undoubtedly will remove them from elementary botanical 
courses, which at least will be a valuable service. 

For the first time, also, there is a manual presentation of the so-called 
reform nomenclature, and the new names will now have a chance to become 
as familiar as the old. So long as they appeared only in journals and 
monographs and bulky volumes there was no chance for popular usage, and 
their unfamiliarity always scored a point against them. There could be no 
wiser move towards setting the reform nomenclature upon its feet than the 


t BRITTON, NATHANIEL LorD: Manual of the flora of the northern states and 
Canada. 8vo. pp. x-+1080. New York: Henry Holt and Company. 1901. $2.25 
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preparation of a handy manual which presents it, provided, of course, that 
this same manual makes it possible for the great host of amateurs to deter- 
mine their plants with satisfaction. 

Concerning the other features of this J/azua/ there can be no real dis- 
cussion. The Engler and Prantl sequence is a matter of course, and is not 
under discussion as contrasted with that used in Gray’s /anua/. The use of 
the metric system is another well approved step which calls for no special 
comment, except that our manuals have been too slow in adopting it. 

As to the work of the publishers, it deserves very high praise. Thin but 
tough paper, clear type, and narrow margins, so that a book of over 1000 
pages can be carried in a good-sized pocket and can be bought for $2.25 is a 
triumph of the publisher’s art and common sense.— J. M. C. 


MINOR NOTICES. 


A MONOGRAPH of the North American Sordariaceae has been published 
by David Griffiths? After a general discussion of distribution, methods, 
development, and spore dissemination, the six genera are presented as fol- 
lows: Sordaria (13 spp., 5 new), Pleurage (31 spp., 13 new), Hypocopra (9 
spp., 3 new), Delitschia (9 spp., 5 new), Sporormia (15 spp., 7 new), and 
Sporormiella (1 sp.). Material from over 20 states was studied, and the 
period of development of many of the species determined.— J. M. C. 


ARTHUR H. CuuRCH has begun the publication of studies “On the rela- 
tion of phyllotaxis to mechanical laws.” The first part 3 now before us deals 
with construction by orthogonal trajectories. A general historical discussion 
of phyllotaxy is followed by a record of observations accompanied . by hand- 
some half-tone illustrations representing chiefly high orthostichies. This is 
followed by discussions of the geometrical representation of growth, the 


application of spiral-vortex construction, ideal angles, and asymmetry.— 
J. M. C. 


THE FOURTH PART of Engler’s Pflanzenreich has appeared, and con- 
tains the Monimiaceae (family 101 of the spermatophyte series) by Janet 
Perkins and Ernst Gilg. After the usual discussion of the important struc- 
tural features of the family, and its geographic distribution, there follows the 
systematic presentation. Thirty-one genera are recognized, six of which 
have been established heretofore by Miss Perkins. The species are 253 in 
number, by far the largest genera beiny Siparuna (89 spp.) and Mollinedia 
(71 spp.).— J. M. C, 

*Mem. Torr. Bot. Club 11: 1-134. pls. 7-79. 1901. 


3CuurcH, A. H.: On the relation ot phyllotaxis to mechanical laws. Part I. 


Construction of orthogonal trajectories. pp. 38. figs. 3¢. Oxford: Williams and 
Norgate. 1901. 3s. 6d. 
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“‘EXCURSION FLORAS”’ are useful in Europe, but no one has as yet 
included the whole of Europe. Franz Thonner* has just made the attempt, 
but is able to include only the genera of flowering plants. Characters are 
used so far as possible which do not demand the microscope for determina- 
tion, and the keys have been constructed with a view to rapid and easy use, 
Not only are the genera of Europe included, but also those of Iceland, the 
Azores, the Urals, and the Caucasus. The work’ follows the families and 
their sequence as given in Engler and Prantl’s Die natiirlichen Pflanzen- 
familien.—J. M. C. 


Dr. AUGUSTIN GATTINGER$ has published a list of the vascular plants 
of Tennessee. This veteran botanist has long been active in the study of 
the very interesting flora of his state, and this volume forms a permanent 
record of his results. It includes 2218 species and follows the Engler and 
Prantl sequence. The title “Philosophy of botany” covers genera! papers 
under the titles ‘An epitome of the history and philosophy of botany,” “The 
forest,” ‘“ The introduction of a national forestry policy in the United States,” 
and ‘‘ Modern thoughts on the origin, evolution, and significance of life.” 
Applications for copies should be sent to the author at Nashville, and should 
enclose ten cents for postage.—J. M. C. 


THE TWELFTH ANNUAL REPORT (1901) of the Missouri Botanical Garden 
contains the following scientific papers: A disease of the black locust (odinia 
Pseudacacia L.) with 3 plates, by HERMANN VON SCHRENK, being an account 
of the attacks of Polyporus rimosus Berk.; Crotons of the United States, with 
28 plates, by A. M. FERGUSON, containing descriptions of 33 species and 
varieties, 6 of them being new; An undescribed Agave (A. 7releasii) from 
Arizona, with 3 plates, by J. W. Toumey; A cristate Pellaea, with 1 plate, 
by WILLIAM TRELEASE; A Pacific slope palmetto, with 3 plates, by 
WILLIAM TRELEASE, being a new species of Sabal (.S. Uresana); Garden 
beans cultivated as esculents, with 10 plates, by H. C. IRISH, being a synop- 
tical description (75 pp.) of the numerous culture forms.— J. M.C. 


THE PROCEEDINGS of the Indiana Academy of Sciences for 1900 has 
just been distributed, and contains the following papers of botanical interest: 
A presentation of the possibilities of photomicrography, with twenty-two 
half-tone illustrations, by D. W. DENNIS; Cryptogamic collections made 
during the year, and Experiments with smut, by M. B. Tuomas; Flora of 
Lake Maxinkuckee, by J. T. SCovELL; Generic nomenclature of cedar 


4Excursionsflora von Europa. Anleitung zum bestimmen der Gattungen der 
Europiischen Bliitenpflanzen. 12mo. pp. x+356. Berlin: R. Friedlander and Sohn. 
1901. 4. 

5The flora of Tennessee and a philosophy of botany. 8vo. pp. 296. Published 
by the authority of the state through the Bureau of Agriculture. 1901. 
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apples, by J. C. ARTHUR ; Additions to the flora of Indiana, and Some mid- 
summer plants of southeastern Tennessee, by STANLEY COULTER ; A bac- 
terial disease of tomatoes, by WILLIAM STUART; Description of certain 
bacteria obtained from nodules of various leguminous plants, by SEVERANCE 
BuRRAGE; Mycological notes from Wells and Whitley counties, by E. B. 
WILLIAMSON.— J. M. C. 


NOTES: FOR STUDENTS. 


Jost® has published an interesting and valuable summary of the recent 
contributions to our knowledge of the synthesis of proteids. Recent workers 
generally agree, in contrast with the older view of Schimper, that proteid 
synthesis can take place in the dark and in tissues without chlorophyil, pro- 
vided carbohydrates are at hand.— H. C. COWLES. 


F. E. Weiss,’ after examining a very large number of specimens of 
Lepidophloios and Lepidodendron, has concluded that the arrangement of 
the cells making up the phloem region, at least as seen in transverse section, 
not only does not preclude them from being of the nature of true phloem ele- 
ments, but makes it very probable that the function of this tissue was that of 
a normal phloem.—J. M. C. 


BENJAMIN D. GILBERT® has published a useful list of North American 
pteridophytes. According to the editor, the four objects in view were (1) to 
present a convenient alphabetical list ; (2) to make a list as comprehensive as 
possible in including all published forms; (3) to have a complete list which 
uses a conservative nomenclature; and (4) to publish the list of varieties of 
Athyrium filix-foemina which the author has found.—J. M. C. 

J. W. HARSHBERGER ® has been investigating the limits of variation in 
certain plants by the statistical method, largely as a contribution to the prob- 
lem of species. Variations in size and shape of leaves, in weight and volume 
of fruit, and in number of seeds were tabulated. In Liriodendron, Tulipifera, 
Sanguinaria Canadensis, and Ailanthus glandulosa it was found that varia- 


tion in size and form is due in part to the persistence of juvenile forms.— 
J. M. C. 


THE GRASSES OF Iowa” is the title of a volume prepared by Professors 
® Biol. Cent. 20 : 625-637. 1900. 
70n the phloem of Lepidophloios and Lepidodendron. Manchester Memoirs 


45 :no. 7. pls. 2-37. 1901. 


* Working list of North American pteridophytes (north of Mexico), together with 
descriptions of a number of varieties not heretofore published. Utica, N. Y.: Pub- 
lished for the Editor. Igol. 

* The limits of variation in plants. Proc. Philad. Acad. 53 : 303-319. 1901. 


Towa Geological Survey. Bulletin No. 1. pp. 525, with 220 illustrations. 1901. 
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L. H. Pammel and J. B. Weems of the Iowa State College of Agriculture, 
and F, Lamion-Scribner, agrostologist of the U. S. Department of Agricul- 
ture. The present volume is general and preliminary, bringing together a 
large amount of material in reference to the structure of grasses, the purity 
and vitality of grass seed, cereals, fungus diseases of grasses, bacterial dis- 
eases, pastures and meadows of Iowa, weeds of meadows and pastures, 
chemistry of foods and feeding, and lawns and lawn making in lIowa— 

ERWIN F. SMITH™ has published the detailed results of his studies of 
some yellow forms of Pseudomonas. ‘The investigation was very exhaustive, 
dealing with growth in fluid and solid media, sensitiveness to acids, diastasic 
action, aerobism, relative nutrient value of carbon compounds, temperature 
experiments, formation of acids and alkalies, reduction experiments, tests for 
hydrogen sulfid and nitrites, formation of indol, ferments, pigment studies, 
nature of the cell wall, vitality, and diagnostic characters. The four species 
studied, in the order mentioned in the title, are concerned with diseases of 
hyacinths, cabbages, beans, and sweet corn.—J. M. C. 


FRIEDEL” claims to have observed the synthesis of carbohydrates, as 
measured by the absorption of carbon dioxid and emission of oxygen, without 
the presence of a living organism. Leaves were treated with glycerin under 
pressure and an extract obtained. A green powder was obtained from leaves 
heated to a temperature of over 100°C. Upon the exposure of a mixture of 
the leaf powder and extract to the light, oxygen was given off and carbon 
dioxid absorbed. Friedel concludes that synthesis is accomplished with or 
without the presence of living matter by means of a diastase which uses the 
energy of the solar rays. Chlorophyll is supposed to act as a sensitizer.— 
H. C. COWLES. 

THE SECOND PART of the second volume of the “Catalogue of the 
African plants collected by Dr. Friedrich Welwitsch in 1853-61,” and pub- 
lished by the British Museum, has just appeared. It contains the crypto- 
gams, which have been distributed among investigators as follows: pteri- 
dophytes by W. CARRUTHERS ; mosses by ANTONY GEPP, including 10 new 
species and a new genus (7rachyphyllum) near Erythrodontium ; liverworts 
by F. STEPHAN], including 7 new species ; marine algae by ETHEL S. Bar- 
TON ; freshwater algae by W. WEsT; diatoms by T. ComBer; lichens by 
E. A. WaIni0, 83 new species being described ; fungi by ANNIE L. SMITH; 
and ‘ Mycetozoa” by ARTHUR LISTER.—J. M. C. 

™ Compt. Rend. 132 : 1138-1140. Igol. 

2 The cultural characters of Pseudomonas Hyacinthi, P. campestris, P. Phaseoll, and 
P. Stewarti, four one-flagellate yellow bacteria parasitic on plants. Bulletin 28 U.S. 
Department of Agriculture, Division of Vegetable Physiology and Pathology. Pp. 
153. August 6, IgoOI. 
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A NEW FASCICLE of Urban’s Symbolae Antillanae*™ has appeared. It con- 
tains the conclusion of the monograph of Arthrostylidium by PILGER, Io 
species being recognized, 4 of which are new; an enumeration of Gesneriaceae 
by Urban, including descriptions of 15 new species; a synopsis of Myrsina- 
ceae by MEz, with a recasting of several genera and descriptions of I1 new 
species; a synopsis of Theophrastaceae by MEz, including two new species: 
descriptions of new species and genera by URBAN, the latter being //yAtio- 
daphne (Thymeleaceae), and three new genera of Compositae, namely, 
Tetraperone, Koehnela, and Notoftera, all of them Helianthoideae; and 
descriptions of 10 new liverworts by STEPHANI.—J. M. C. 


By USING an improved apparatus which enabled him to measure quickly 
and accurately small amounts of CO,, Kolkwitz™ has been able to determine 
that air dry grains of barley containing about 15 per cent. of water, which 
gradually diminished in the laboratory to Io or I1 per cent., respired at a 
rate which produced in 24 hours one-third to one-half a milligram of CO, per 
kilogram of seeds. At 33 per cent. of moisture 2000 milligrams of CO, were 
produced. He also found both embryo and endosperm very tenacious of 
life. Respiration continued for several hours after such hard treatment as 
grinding. A full description of the apparatus with figures and an extended 
account of the investigation will be published in the organ of ‘“ Das Institut 
fiir Gahrungsgewerbe und der Versuchsbrauerie in Berlin.” —C. R, B. 


TamMES* has made an important investigation on the distribution of 
carotin. He agrees with most recent authors in identifying carotin with 
xanthophyll or chlorophyll-yellow and etiolin. Tammes goes somewhat 
further than most previous investigators in considering practically all red to 
yellow plastid pigments as carotin. Plastid pigments were examined and found 
to exhibit carotin tests in green and etiolated leaves, yellow parts of varie- 
gated leaves, autumn leaves, flowers, fruits, seeds, diatoms, algz (green, 
blue-green, brown, and red), and carrot roots. Carotin always accompanies 
chlorophyll, appearing before it and remaining after it has gone, and also 
occurs where chlorophyll is always absent. Carotin is probably more or less 


efficient in carbohydrate synthesis, as Engelmann has shown. —H. C. 
CowLes. 


Hans HALLIER* has presented a somewhat extensive regrouping of 
angiosperms, taking into account contributions from all departments of 

‘3Symbolae Antillanae seu fundamenta florae Indiae occidentalis. Vol. II. Fasc. 
3. PP. 337-507. Leipzig: Gebriider Borntraeger. 1901. 7 9.90. 

“Ber. deutsch. bot. Gesell. 19: 285-287. 1901. 5 Flora 87 : 205-247. 1900. 


Ueber die Verwandtschaftsverhaltnisse der Tubifloren und Ebenalen, den poly- 
phyletischen Ursprung der Sympetalen und Apetalen, und die Anordnung der Angio- 
Spermen tiberhaupt. Abhandl. Geb. Naturwiss. Verein Hamburg 16: I-112. 1901. 
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botany which may have given suggestions as to possible relationships, In 
other words, he has abandoned the customary morphological method and has 


called to his aid anatomy, embryology, physiology, “ biology,” and plant 


geography, He regards the Polycarpicae (Ranunculaceae, e¢ a/.) as the most 
primitive angiosperms, from which have come all other dicotyledons (espe- 
cially Amentiferae and Sympetalae) on the one hand, and the monocotyle- 
dons on the other. He also thinks that the Convolvulaceae are not to be 
associated among the Tubiflorae, but are related to the Sapotaceae, Malva- 
ceae, etc., and belong to the Ebenales which originated in the neighbor- 
hood of the Anonaceae. A great number of families and alliances are shifted 
in this way, the details being too numerous to be given in this notice, need- 
ing full presentation to be appreciated.—J. M. C. 


THE ADDRESS of Dr. B. L. Robinson as retiring president of the Botanical 
Society of America, entitled ‘Problems and possibilities of systematic 
botany,’ and delivered last August at the Denver meeting, has now been 
issued as a publication (no. 18) of the Society. The author's summary is as 
follows: ‘It may be said that_systematic botany is very far from being a 
completed subject, that from our present standpoint we can see in various 
directions long vistas of further possibilities for fascinating explorations and 
profitable discovery, that among the subjects which seem to invite immediate 
attention the most important are: (1) The determination of the modes and 
degrees of variation, an investigation which alone can yield data for a more 
critical discrimination of plant categories; (2) far more complete study of 
plant ranges, which can scarcely fail to throw much new light upon the forces 
controlling distribution ; and (3) a further examination of plant ontogeny as 
the most hopeful source of information regarding the more intimate affinities 
and proper arrangement of plants.’’-—J. M. C. 


GIESENHAGEN "7 reports some observations made by him in 189I-2 upon 
the growth of the rhizoids of Chara, which seem to confirm the recent 
theories and observations of Haberlandt, Noll, and Némee, on the perceptive 
organs for geotropic stimuli. When young rhizoids of Chara were directed 
upward there was first a retardation of their growth, with subsequent recovery 
of the previous rate, and soon a curvature which directed the tip of the 
rhizoid again downward. Similar retardation followed the placing of the 
young rhizoid in a horizontal position and a downward curvature also 
occurred. Near the tip of the rhizoid Giesenhagen found a group of small 
granules which altered their position when the rhizoids were displaced, The 
change in the position of these relative to the sensitive cytoplasm, he regards 
as producing the immediate stimulation from which curvature results. The 
nature of these minute granules has not been ascertained, but in this terminal 


17 Ber. deutsch. bot. Gesell. 19: 277-285. fl. 72. I90I. 
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cell of the rhizoid they seem to play the same réle as (according to Némec) 
the starch grains do in the cells of the root tip.—C. R. B. 


STRASBURGER® has recently investigated the formation of pollen in 
Asclepias Cornuti and Cynanchum vincetoxicum, having in view chiefly the 
reported lack of tetrad formation in some of the Asclepiadaceae. A primary 
sporogenous cell develops directly into a spore mother cell, as in Malva, 
Datura, Mentha, and Chrysanthemum, being recognized by the reduction in 
the number of chromosomes. Each mother cell gives rise to four pollen 
grains as in other plants, but instead of lying in the usual tetrad form they 
develop ina row. This leaves the Cyperaceae as the only group known to 
form only one pollen grain from each mother cell. The row of four micro- 
spores is homologized with the row of four potential megaspores commonly 
produced by the primary sporogenous cell in the nucellus. The regularity 
in the arrangement of the cells and the homogeneity of the protoplasm 
invited a search for centrosomes, but none were found. The author, while 
not denying the existence of centrosomes in the higher plants, expresses an 
increasing doubt as to the possibility of making such structures visible with 
the present methods.—T. C. FRYE. 


FREDERICK H. BILLINGS has examined a number of species of several 
large families of spermatophytes to see whether the seed development, espe- 
cially the changes of the embryo sac and integuments after fertilization, can 
be used as a basis of classification. Taking plant groups as now recognized, 
in some he finds marked resemblances. For example, in all species of Cam- 
panulaceae, Lobeliaceae, and Stylidaceae he finds “haustoria” (outgrowths 
from the embryo sac) at both chalazal and micropylar ends, and these are 
supplied with nuclei from the endosperm. ‘The antipodal ones break down, 
but may divide first ; while in Calendula the micropylar haustorium is said 
to be under the control of the persistent synergid, which grows into it. The 
various kinds of haustoria are described in detail. In some cases the embryo 
Sac is constricted, the upper chamber containing the embryo, the lower 
becoming filled with tissue. In other cases finger-like processes put out 
from the side or base of the sac, reaching towards the region of vascular 
bundles. The author's reason for assigning a nutritive function to the 
“haustorium ” regions is simply the active appearance and staining power of 
the nuclei. His conclusions are that in doubtful cases the nature of the 
embryo sac, the thickness of the integument, etc., may help to settle the sys- 
tematic position of a genus or species.— FLORENCE May Lyon, 


*Kinige Bemerkungen zu der Pollenbildung bei Asclepias. Ber. deutsch. bot. 
Gesell. 19: 450-461. pl. 24. 1901. 


? Beitrage zur Kenntniss der Samenentwickelung. Flora 88 : 253-318. 1901. 
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A PAPER ON Tudipa Gesneriana by Alfred Ernst” adds another species to 
the list of seed plants showing polyembryony, and also confirms Guignard’s 
observation of double fertilization in this species. The author has followed 
out the deyelopment of the embryo sac in a close series, discovering no 
marked variation from the usual method. In fertilization the second male 
nucleus unites with the upper polar nucleus and both unite with the lower 
polar, the three remaining distinct and showing no evidence of fusion. The 
interest of the paper, however, centers about the development of the embryo. 
The fertilized egg divides by a longitudinal or transverse wall, and some- 
times by an oblique wall. From these cells there develops by means of 
irregular cell division a compact mass of large cells rich in protoplasm 
and containing many nuclei. This “ proembryo’”’ forms at its apex from one 
to six embryos, only one of which as a rule develops into a normal embryo. 
The other embryos, as well as the cells of the ‘“ proembryo,” are resorbed 
and devoted to the building up of the embryo proper. This is a case of 
polyembryony similar to that discovered by Jeffrey and also by Hofmeister 
in Erythronium. The author endeavors to follow out the reduction and 
doubling of the chromosomes,~-but this part of the paper is far from satisfac- 
tory. A valuable résumé of the literature of polyembryony is included in the 
discussion. The figures are carefully drawn and adequate to explain the 
points considered.—J. B. OVERTON. 


ITEMS OF TAXONOMIC INTEREST are as follows: C. R. BALL (Proc. 
Iowa Acad. Sci. 7: 141-154. 1900) has published an account of the 14 spe- 
cies of Salix ‘occurring in lowa.—E. S. STEELE (Proc. Biol. Soc. Washing- 
ton 14: 47-86. 1901) has published the 6th list of additions to the flora of 
Washington, D.C., and vicinity, with descriptions of new species of Viola 
and Lycopus.— F. N. WILLIAMS (Jour. Bot. 39: 289-294, A/. 425. 1901) has 
separated Salisbury’s genus lanthe from Hypoxis.— F. V. CoviLue (Proc. 
Wash. Acad. Sci. 3 : 297-362. /s. 33-42. 1901) has published a very full and 
handsomely illustrated account of the willows of Alaska, including 23 species, 
one of which is new.— EL1As NELSON (Proc. U.S. Nat. Mus, 23 : 697-713. 
1901) has published a revision of 35 species of Antennaria, 4 of them being 
new.— K. Fr. MEINSHAUSEN (Acta Hort. Petrop. 18: 9-415. 1901) has pub- 
lished a synopsis of the Cyperaceae of European and Asiatic Russia, New 
species are described under Kyllingia (1), Cyperus (3), Scirpus (5, including 
Eleocharis), Eriophorum (2), Schoenus (1), Kobresia (2), and Carex (25), the 
last genus being represented by 215 species.—V. L. KomARov (dem 419-449) 
has described n&merous new species from Manchuria and northern Korea, 
among them a new genus (Bochmeriopsis) of Urticaceae and g new species 
of Carex. O. F. Cook (Bull. Torr. Bot. Club 28 : 525-569. //s. 43-48. 1901) 


2 Beitrage zur Kenntniss der Ertwickelung des Embryosackes und des Embryo 
(Polyembryonie) von 7udipa Gesneriana. Flora 88: 37-77. pls. 4-8. 1901. 
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has published a synopsis of the palms of Porto Rico, including 20 species, 
representing 14 genera and 4 families. The startling fact is that 7 of the 
genera and 13 of the species are new. /nodes, Thrincoma, and Thringis are 
new genera of Sabalaceae; Aeria and Acrista of Arecaceae; Curima and 
Cocops of Cocaceae. The plates are of unusual beauty.—E. P. BICKNELL 
(idem 570-592), in his ninth paper entitled “ Studies in Sisyrinchium,” presents 
the species of Texas and the southwest, the number reaching 25, of which 17 
are new.—J. M. C. 

NABOKICH in a preliminary communication to the German Botanical 
Society claims to have demonstrated that the growth of the higher plants 
may take place under conditions which prevent normal respiration, and that 
the reason why previous investigators have found no anaerobic growth is that 
their experiments were carried on under conditions which permitted the wilt- 
ing of the experimental material. His method consists in putting into a 
50—70° flask with tubulated neck, 4o—50° of a 0.5 to 2 per cent. solution 
of glucose or cane sugar. Into this nutritive solution he puts etiolated seed- 
lings of maize, sunflower, onion, etc., or cuttings of vigorous stems and roots 
which have been kept previously in water for one to four hours. The parts 
are marked with fine lines to serve as data for growth. After putting these 
into the flask, the top of the neck is fused off, and after cooling the air is 
exhausted vza the side tube, which is previously drawn down at one point to 
athick capillary. After exhaustion to a minimum the flask is partly sunk in 
hot water. The nutritive solution boils violently and the escaping vapor 
aided by the continued exhaustion with the air pump removes the last trace 
of oxygen. Five to eight minutes suffice to remove the oxygen and the side 
tube is then fused off. The whole operation should be complete in a half to 
three quarters of an hour. Seedlings of maize showed 7.5™" growth in 36 
hours, cuttings from the stem of maize 8.2™", and cuttings of stem of sun- 
flower 5™" in 45 hours. In various seedlings curvatures developed which are 
precisely similar to those which are formed in the air under similar stimuli. 
No formation of chlorophyll was observed. 

These results stand in sharp contradiction to those of most observers, 
whose source of error Nabokich undertakes to specify. In a later number of 
the same periodical Wieler replies to Nabokich’s strictures and maintains 
the accuracy of his own results. The question evidently needs further 
Investigation.—C, R. B. 

Miss MARGARET C. FERGUSON * has published the results of her stud- 
les in Pinus. A detailed account of spermatogenesis in five species is given, 

* Ber. deutcsh. bot. Gessell. 19: 222-236. 1901. 
hs The development of the pollen tube and the division of the generative nucleus 
im certain species of pines. Ann. Bot. 15 3193-223. pls. 2-14. 1901. 


Pore pment of the egg and fertilization in Pinus Strobus. bid. 435-479. 
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and of oogenesis, the phenomena of fertilization, and the early segmentations 
in P. Strobus. In the main, there is abundant confirmation of the more 
fragmentary work of previous investigators. Besides, the genus has been 
found variable enough to make the full study of any species valuable. Some 
of the points to be noted are as follows: The ‘ antheridial” (generative) cell 
is said to divide ‘‘ before the beginning of winter,” which indicates a wide 
range of time in the genus for this event. A definite order of precedence for 
the stalk and ‘ generative’’ (body) cells in the pollen tube is given, the 
former being said to pass the latter and consort with the “ vegetative ” (tube) 
nucleus. The body cell is said to be peculiar in never being limited bya 
cell wall, and a survival of the centrosome is suggested in the division of its 
nucleus. The interesting claim is made that “sperm cells are never formed, 
but the sperm nuclei remain surrounded by a common mass of cytoplasm,” 
and become unequal very early in their history. In some cases, after fertiliza- 
tion, the tube and smaller sperm nuclei were observed to divide amitotically, 
The most interesting fact in connection with fertilization and segmentation is 
that in addition to the well-known fact that there is no real fusion of the 
sexual nuclei in fertilization, the author has been able to observe that “the 
two chromatic groups remain distinct until the nuclear plate stage” of the 
first segmentation. No centrosomes are claimed for the first segmentation, 
“but the entire activity connected with this mitosis indicates that the sperm 
nucleus, under the influence of the egg cytoplasm, is the agent which initi- 
ates and controls the division.” The frequently noted similarity between the 
fertilization processes in the gymnosperms and animals is presented in con- 
siderable detail. These papers are valuable additions to our rapidly increas- 
ing literature of gymnosperms.—J. M. C. 
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OPEN LETTERS. 


NORMAL SOLUTIONS. 


RECENTLY Mr. James B. Dandeno published an article’ in which he 
accuses Kahlenberg and True? of having confused solutions containing gram- 
equivalents per liter with such as contain gram-molecules per liter. Because 
of the prominence given to Mr. Dandeno’s article by publication in the 
BoTANICAL GAZETTE, | feel compelled to write this reply. 

Kahlenberg and True have used both expressions, gram-equivalent per 
liter and gram-molecule per liter, but they have not confused them. In the 
case of mono-basic acids and salts of mono-basic acids with monad metals a 
solution containing a gram-equivalent per liter is identical with a solution 
containing a gram-molecule per liter, and hence in such cases the terms are 
perfectly interchangeable. This fact Mr. Dandeno evidently overlooked and 
so he saw great confusion where none existed. 

It will be necessary to take up Mr. Dandeno’s points somewhat in detail. 
The expression, ‘ Chemically equivalent quantities (2. e. molecular quantities) 
of the different substances were not compared,” which Kahlenberg and True 
used on p. 85 of their article, occurs in the course of the general introduction 
and does not warrant (especially when taken together with the further dis- 
cussion in the article) the conclusion of Mr. Dandeno that ‘‘they regard a 
gram-molecule per liter exactly the same as a gram-equivalent per liter.” 
On p. 91 Kahlenberg and True say, referring to the various tables that fol- 
low, “In the first column appear the concentrations used expressed in gram- 
molecules or gram-equivalents per liter of the solution.” As both expressions 
actually appear, and are properly used, in the headings of the tables that fol- 
low, the above statement (which refers to all the tables in the article, except 
tables 18 and 19 concerning which special mention is made on p. 97) é its- 
self clearly does not warrant Mr. Dandeno’s conclusion that the authors 


regarded a gram-molecule per liter as exactly the same as a gram-equivalent 
per liter. 


Mr. Dandeno states that the normal solution of sulfuric acid used by 
Kahlenberg and ‘True was “ purchased from the chemist” and that it was “a 
§ram-equivalent solution and was thought to be a gram-molecule solution.” 
No statement is made by Kahlenberg and True that any solution was “ pur- 
chased from the chemist,” and Mr. Dandeno’s inference is wholly baseless. 


*Bor. Gaz. 32: 229, Oct. 1901. 2 Bot. GAz. 22: 124, Aug. 1896. 
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As a matter of fact, I happen to be the chemist who prepared the normal 
sulfuric acid solution as well as the other solutions used by Dr. True and 
myself, and the strengths of all the solutions were exactly as indicated in the 
columns of the tables. The results of Kahlenberg and True indicate that 
edov gram-equivalents of H,SO, per liter is as toxic as sayy gram-equiva- 
lent of HCl per liter, and not that gyso gram-equivalent of H.SO, per liter 
is as toxic as 3z/yy gram-equivalent of HCl per liter as Mr. Dandeno states; 
this shows how much care he used in scrutinizing the tables he attempts to 
criticise. 

Kahlenberg and True have found that a solution containing gdy> of a 
gram-equivalent of H,SO, (2. e. ¢$$» grams) per liter is as toxic as a solution 
containing of a gram-equivalent of KHSO, (2. e. grams) per liter, 
Since KHSO, contains but one hydrogen atom, which is the active agent 
under consideration, either the term gram-equivalent or gram-molecule might 
be used concerning this substance, for they mean the same thing here; asa 
matter of fact the term gram-equivalent is used in Kahlenberg and True’s 
table. There is no confusion in Kahlenberg and True’s article on this point, 
as Mr. Dandeno thinks. On the bottom of p. gt of Kahlenberg and True’s 
paper is the statement, ‘‘ Tables 1 to 5 show that the seedlings just survive in 
a solution that contains yyy9 gram of hydrogen ions per liter,” which might 
have shown Mr. Dandeno that no confusion exists, had he read it with suffi- 
cient care. 

To be sure Ostwald in his tables of electrical conductivity expresses the 
concentrations of the solutions in gram-molecules per liter; but this does not 
prevent one from calculating from these tables the degree of dissociation of 
a salt in a solution, the strength of which is expressed in gram-equivalents 
per liter, as Mr. Dandeno seems to think. Kahlenberg and True were well 
aware of the true character of Ostwald’s tables, and in referring to them, and 
in calculating the dissociation from them, they took into consideration the 
fact that the tables are based on gram-molecules per liter. Take the case of 
maleic and fumaric acids of which Mr. Dandeno makes a special point. 
These acids are both dibasic. In Ostwald’s tables} we find that when I gram- 
molecule of maleic acid is contained in 2048 liters, the degree of dissociation 
is 98.2 per cent.; and when 1 gram-molecule of fumaric acid is contained in 
2048 liters the degree of dissociation is 78.5 per cent. Now in the case of a 
dibasic acid, a solution containing 1 gram-molecule in 2048 liters is clearly 
identical with a solution containing 1 gram-equivalent in 1024 liters; and so 
when Kahlenberg and True state “as maleic acid at the dilution 1024 is dis- 
sociated 98.2 per cent. and fumaric acid 78.5 per cent. we should expect the 
latter to be less poisonous than the former if the toxic action be due to H ions 
alone,” they are perfectly correct. Moreover the tables (58 and 59, p. 115 of 


3 Zeitschrift physik. Chem. 3: 380. 
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Kahlenberg and True) concerning these acids are both clearly headed “gm. 
equiv. per liter,” which excludes all possibility of misconception. Mr. Dan- 
deno clearly is in error ; and for the piquant remarks in which he indulges on 
p. 234 of his article in referring to the comments of Kahlenberg and True on 
the behavior of maleic and fumaric acids, he deserves sharp censure. 

Mr. Dandeno further complains that Heald ¢ states in referring to Kahlen- 
berg and True, “in these experiments the solutions were prepared according 
to gram-equivalents,” and then Dandeno adds that on pp. 119-123 of Kahlen- 
berg and True we find written “gram-mol. per liter.’” Now it happens that 
all the acids listed on pp. 119-123 by Kahlenberg and True are mono-basic 
acids, and that in the case of these a gram-molecule per liter is identical with 
a gram-equivalent per liter, so that Heald was correct in his statement. Evi- 
dently Mr. Dandeno failed to note the basicity of the acids listed by Kahlen- 
berg and True on the pages last mentioned. 

The two instances that Dandeno mentions, in which Kahlenberg and 
True have stated that a gram-equivalent is contained in so many liters of 
water instead of so many liters of solution, are cases in which the solutions in 
question were so extremely dilute, that no difference could be detected were 
the solutions made up on the one basis or the other. The instances occur, 
moreover, in the course of a preliminary general discussion where no sharp 
comparison is involved. 

I have not taken the time to look up the work of the various other inves- 
tigators that Mr. Dandeno attempts to criticise. It is of course possible that 
mistakes have been made; but from what has been said above, the reader 
can readily form an opinion as to Mr. Dandeno’s competency to make such 
criticisms, 

In conclusion, I wish to emphasize once more that all the solutions used 
by Kahlenberg and True were of exactly the strengths indicated in their 
tables, that the conclusions based upon them are correct, and that the inter- 
pretations of Mr. Dandeno are entirely wrong.— Louis KAHLENBERG, Laé- 
oratory of Physical Chemistry, University of Wisconsin, 


I am limited to a brief reply to the foregoing letter. Regarding it 1 have 
to say: 

It is fully explained in my paper that, in the case of monobasic acids and 
salts with monad metals, gram-molecule and gram-equivalent solutions are 
the same. It was only where basicity differed that exception was taken. 

In view of Dr. Kahlenberg’s assértion, | withdraw fully the statement 
that the solution of sulfuric acid referred to was purchased from the chemist. 
I had Dr. True’s statement that it was, but I must have misunderstood him. 
However, Dr. True states,® referring to this table (H,SO,) headed 
‘Bort. Gaz. 22: 125. Aug. 1896. 5 Bot. GAZ. 32: 230-232. Oct. 1901. 
*Quoted /. ¢., p. 233. 
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“ gram-equival. per l.,’’ that, in chemical equivalent quantities of H,SO, and 
of HCl, there are twice as many H ions in the H,SO, as there are in the HCl. 
Dr. True clearly regarded this as a gram-molecule per liter solution, so my 


reference to this point is not without good ground. 
Since Heald referred to the whole paper of Kahlenberg and True, and 
since several dibasic salts are there’ listed ‘“ gram-molecule per liter,” my 


general reference is abundantly warranted. 

An illustration will make clear one misconception. Dr. Kahlenberg states 
that gram-molecule and gram-equivalent solutions of KHSO, are the same. 
I hold they are not. In a gram-equivalent per liter solution of KHSO, there 
is one-half gram of H. Dr. Kahlenberg’s position is that there is ome gram 
of H. If I misinterpret this substance am in good company. (See defini- 
tion gram-equivalent and references to Talbot, Mohr, Sutton, Fresenius, p. 
230.) 

As to dissolving substances in so much water or in so much solution, | 
may say that I am surprised at Dr, Kahlenberg’s defending, 77 any case, the 
former method. 

My paper was not written as a criticism of Kahlenberg and True, as he 
seems to think, though their work was freely drawn upon for illustration. — 
JAMES B. DANDENO, Normal and High School, St. Louis, Mo. 


BASILIMA, SCHIZONOTUS, SORBARIA. 


IN THE July number of the BOTANICAL GAZETTE (32:56) Mr. Alfred 
Rehder discusses these names, reaching the conclusion that Sorbaria is the 
proper designation for the genus in which Sfzraea sorbifolia Linn. is now 
placed. His decision in the case of Baszdima Raf. seems unquestionable, viz., 
that when it first appeared, in 1815, it was a xomen nudum, and when repub- 
lished in 1836 it was a synonym of Schézonotus Lindl. But why Schzzonotus 
Lindl. should be set aside is not so clear to me. It is said that where it was 
first published, in Wallich’s Catalogue (no. 703; Pritzel says that this portion 
of the Catalogue appeared 1 D 1828), this name was a synonym. The Caéa- 
Jogue is cited fully and correctly: “no. 703, Spiraea Lindleyana Wall. 
Schizonotus Lindl. (gen. nov. Spir. sorbifoliam amplectans),” but I fail to see 
how there is any synonymy here; if so, of what is Schizonotus a synonym? 
We have here rather an annotation. Wallich’s Spiraea Lindleyana is said 
to belong to the new genus Schizonotus Lindl., based upon Sfiraea sorbifolia. 
Spiraea Lindleyana, like most of the other names of Wallich’s Catalogue, 
when divorced from the specimens which were intended to accompany it, is 
merely a xomen nudum; while Schizonotus, distinctly based upon a well- 
known species, Sfiraca sorbifolia, is certainly not a nomen nudum, and can 
scarcely be held a synonym of one! 

7 Bor. GAZ. 22:96. (CuSO,, etc.) 
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Again, it is claimed that the second publication of Schzzonotus (Lindl. 
Introd. Nat. Syst. 81. 1830) is as a synonym. Again Mr. Rehder quotes 
correctly, but, as it appears to me, draws wrong conclusions. Lindley says : 
“« Spiraea sorbifolia (Schizonotus m.).” This is not synonymy, but annotation. 
Of course, ‘““Schizonotus m.” is an abbreviation of ‘“Schizonotus mihi,’’ and 
the case is precisely the same as if Lindley had written in full: “ SAzraea 
sorbifolia (which I have distinguished as a separate genus under the name 
Schizonotus).” Surely this is not synonymy. If so, why does Lindley, two 
pages farther on, in naming the typical genera of Spiraeaceae, enumerate 
“Spiraea, Gillenia, Schizonotus”’? 

Mr. Rehder admits that “in 1836, Lindley enumerates (p. 145) Schizonotus 
as a genus, and characterizes it (p. 441) by mentioning Sfzraea sorbifolia as 
the type.” What Lindley actually says (Jatrod. Nat. Syst. ed. 2, 441) is this: 
“Schizonotus, Lind/. in Wall. Cat.— Spiraea sorbifolia, etc.” Am I pardon- 
able if I fail to see why the name is published any more satisfactorily here 
than in either of the two preceding cases? And as far as the enumeration of 
Schizonotus as a genus on page 145 is concerned, | have already called atten- 
tion to the fact that it was enumerated in the same way on page 83 of the 
first edition (1830). 

Of course, Basi/ima Raf. 1815 being a omen nudum, Seringe’s sectional 
name Sordaria was the first under which this group of plants was distinguished, 
but it was not used in a generic sense until 1864. It is true that the replac- 
ing of properly published generic names by earlier sectional ones has been 
suggested, but I am not aware that it has found any powerful advocate, even 
among extremists in nomenciatural reform, and I know of no botanist who 
has consistently carried out this principle. Yet such a principle seems to be 
the only excuse for the use of the name Sordaria. Botanists who accept the 
oldest generic name must take up Schiézonotus Lindl. 1828, while those (few 
of them in America, I believe) who adopt the generic name with which a spe- 
cific name is first combined must use Basé/ima Raf. 1836, if they are to be con- 
sistent with their principles. It is scarcely necessary to refer to Mr. Rehder’s 
remark that “it would be very unfortunate to revive the name Schizonotus, 
since it was applied afterwards and has been in use for two other genera,” as 
this is an argument which will carry little weight with most people, and one 
which I believe Mr. Rehder himself would hardly have advanced as the only 
reason for discarding Schizonotus. 

“Sorbaria of course will not enter into the American flora if Chamae- 
batiaria is considered as constituting a distinct genus” is another statement 
to which I must take exception. On the contrary, Schizonotus sorbifolius (L.) 
Lindl. (Steud. Nomenc?. 531. 1841), the type of the genus, is peculiarly adapted 
to the conditions prevailing in the northeastern United States, and is winning 
its right to a place in our manuals as an introduced plant. It was reported 
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from central New York ten years ago (Peck, Rep. N. Y. State Mus. 44:[15]. 
1891), and I found it myself in the northern part of this county (Westchester 
Co., N. Y.) in July 1895. It was at that time that I became interested in the 
synonymy of this genus,and Mr. Rehder'’s article brought vividly to mind the 
researches which I then conducted upon this subject. 

Since writing the above I notice that the plant under discussion has been 
admitted to Dr. Britton’s recently published Manual—Joun HENDLEY 
BARNHART, Zarrytown, New York. 


I 
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NEWS. 


Dr. W. R. SHAW has been appointed botanist of the Oklahoma Experi- 
ment Station. 

AT THE UNIVERSITY OF WISCONSIN, Charles E. Allen has been appointed 
instructor in botany, and Mrs. George J. Ruger and H. A. Winkenwerder 
assistants in botany. 


HouGuTon, MIFFLIN AND COMPANY announce that Sargent’s Si/va of 
North America is to be supplemented by two additional volumes, containing 
115 plates. The volumes will be published in 1go02. 


A BIOGRAPHICAL SKETCH of Dr. Charles Mohr, prepared by Eugene A. 
Smith, and accompanied by an excellent portrait, is published in the Novem- 
ber number of the Bulletin of the Torrey Botanical Club. 


IN THE November number of the Journa/ of the N. Y. Botanical Garden 
the report of Dr. N. L. Britton on his recent trip to the West Indies is pub- 
lished, and also the report of Professor L. M. Underwood on a trip to Porto 
Rico. 


AN EXCELLENT PORTRAIT of M. Maxime Cornu is published in Bzd?. Soc. 
Bot. de France of September last, in connection with an account of his obse- 
quies. The address at the tomb was given in behalf ef the society by M. 
Ed. Bureau. 


HERMAN B. DorNER has been appointed assistant in botany in the 
Indiana Agricultural Experiment Station at Purdue University, vice Wm, 
Stuart, who has been transferred to the staff of the Horticultural department 
of the same station. 


Dr. HANS SOLEREDER, of Munich, has been appointed professor of botany 
and director of the Botanical Institute at the University at Erlangen. Dr. 
V. Schiffner, associate professor of systematic botany in the German Univer- 
sity at Prague, has been called to a similar position in the University of 
Munich.— Science. 

R. H. Denniston and H. G. Timberlake spent about two weeks in Sep- 
tember collecting for the State University in the lake region of Vilas county, 
Wisconsin. Special attention was given to the lower cryptogams, of which 
about 450 species were collected. These included about 350 fungi and 
lichens, 50 algae, and 50 mosses. 

Dr. THoMAS MEEHAN, the well-known horticulturist and botanist, died 
at his home in Germantown, Philadelphia, on November Ig, at the age 
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of seventy-five. He was botanist of the State Board of Agriculture of 
Pennsylvania, in charge of the herbarium of the Philadelphia Academy of 
Sciences, and editor of Meehan’s Monthly. 


STEPHEN C. Stuntz and Charles E, Allen, of the University of Wiscon- 
sin, spent the month of August and the early part of September in making 


collections and ecological notes of the flora of Isle Royale, Lake Superior, 
They worked chiefly about Rock Harbor, on the south shore of the island. 
Their collections include 480 numbers of spermatophytes, about go of pteri- 
dophytes, 340 of mosses and liverworts, 80 of lichens, and 650 of fungi and 
myxomycetes, 

Bulletin du jardin Impérial Botanique de St.-Petersbourg is the French 
form of the title of a new Russian botanical journal, three numbers of which 
have appeared, under the editorship of A. Fischer de Waldheim, It is to 
publish original papers, critical reviews, and reports from the Garden. At 
the end of each paper a brief résumé in French or German is given. Prom- 
inent among the contributors to the first three numbers are A. Elenkin, the 
lichenologist, and A. Jaczewski, the mycologist. 

A GENERAL MEETING of botanists will be held at the University of Chi- 
cago on December 31, Igo1, and January I, Igo2, in connection with the 
meeting of the American Society of Naturalists and affiliated societies. The 
local committee of arrangements extends an invitation to all botanists, 
whether members of any society or not, to attend the meetings (availing them- 
selves of the guaranteed railroad rate of a fare and one-third on the certifi- 
cate plan), to attend the reception and the annual dinner and to share in all 
provision made for the convenience and pleasure of visiting naturalists, 
Detailed announcements will be sent on request. 


NEARLY TEN years ago the late Professor Thomas A. Williams and Mr. 
David Griffiths, now of Takoma Park, D. C., agreed to issue sets of fungi of 
South Dakota. Later this plan was changed to include the west in general. 
The death of Professor Williams caused an abandonment of the undertaking 
entirely until a recent invoice showed that an unusual amount of very valu- 
able material had been accumulated. It is estimated that there are on hand 
about three centuries of specimens, containing many species recently 
described from South Dakota, Wyoming, Montana, and Arizona. The col- 
lection is rich in species of fungi that have never been distributed in any set 
of exsiccati. Mr. Griffiths, therefore, has determined to put the specimens up 
in packets with printed labels bearing the usual data, and to offer them for 
sale under the title West American Fungi. The original plan contemplated 
issuing fifty-four sets, but a much smaller number will now be put up. One 
century or three may be ordered, to be paid for when issued. The first cen- 
tury will be ready about the middle of December. 
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GENERAL INDEX. 


The most important classified entries will be found under Contributors, Personals, 
and Reviews. New names and names of new genera, species, and varieties, are 
printed in bold-face type; synonyms in ta/ics. 


A 


A. A. A. S., Denver meeting 75 

Abies, needles of 356 

Abnormalities 343 

Acacia, amentacea 203, formation 272; 
Berlandieri 272, formation 273; Far- 
nesiana 103, III, formation 272; 
Wrightii formation 273 

Acanthaceae, Lindau on 71 

Acer grandidentata 263 

Acerates, longifolia 326, viridiflora 326 

Achlya 161 

Acrista, Cook on 435 

Actinella linearifolia 210 

Aecidium Euphorbiae 421 

Aeria, Cook on 435 

Aestivation, abnormal 352 

Agave, heteracantha formation 283; Tou- 
mey on 71, 428; vegetation 281 

Agriculture, organization of Bureau of 
Plant Industry of the U. S., Depart- 
ment of 155 

Alae, abnormal 351 

Alaria, Saunders on new species of 374 

Albugo, candida 91; gametogenesis and 
fertilization in 77, 157, 238; Portulacae 
79; Tragopogonis 85 

Alcoceria, Fernald on 153 

Algae 309; of St. Paul city water, Fan- 
ning on 374; polymorphism in 292; 
Schmidle on 70; Setchell on 70; West 
on African freshwater 430 

Allen, Charles E. 1; personal 443, 444 

Allium Cepa, karyokinesis of 423 

Alniphyllum, Matsumura on 377 

Amarantaceae, Lopriore on 71 

Amblyolepis setigera 210 

Ambrosia artemisiaefolia 78 

America, Urban on new plants of 71 

Anderson, Alexander P., personal 154, 379 

Andropogon furcatus 205 

Anemone Caroliniana 106 

Angiosperms, Hallier on classification of 
431 

Annuals, formation of prairie 201, 208 

Antennaria, Nelson on 434 
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Apospory, in Anthoceros, Lang on 376 

Apples in cold storage, Corbett on 151 

Aquilegia, pollination in 304 

Arceuthobium pusillum, Wheeler on 64 

Archegonia of Selaginella apus 130 

Argyrostachys, Lopriore on 71, 378 

Aristida fasciculata formation 201 

Arnica, Greene on 153 

Arnold’s “ The sea beach ai ebb tide” 222 

Arnoldi, work of 173, 223 

Artemisia frigida 263 

Arthrostylidium, Pilger on 431 

Arthur, J. C. 307; personal 74, 228; work 
of 374 

Asclepiadaceae, pollen of 327 

Asclepias, Cornuti 326, Strasburger on 
pollen in 433; decumbens 198; incarnata 
326; phytolaccoides 326; speciosa 326; 
Syriaca 326; tuberosa 326; verticillata 
326 

Ashe, W. W., work of 68 

Asplenium, Gilbert on 377 

Auld and Gibson’s *‘ Codium”’ 63 

Autran, Eugéne, personal 227 


B 


Bacteria of leguminous plants, Burrage 
on 429 

Bacterial disease of tomato, Stuart on 429 

Baldwinia, Harper on 378 

Balfour, Bayley, personal 380 

Ball, C. R., personal 156; work of 434 

Banker, H. J., work of 153 

Barnes, C. R., 151, 369, 373, 375) 431, 
432, 435 

Barnhart, John H. 440 

Barton, Ethel S., work of 430 

Basilima 440 

Basilima 56 

Bast fibers, middle lamella of 18 

Beal, W. J., personal 228; work of 153 

Beattie and Piper’s “ Flora of the Palouse 
region” 62 

Bees and flowers 367 

Belajeff, work of 175, 177 

Bennett, Arthur, 58 
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Bergen, J. Y., personal 307 

Bernard, C. H., work of 70, 152 

Bessey, C. E., personal 74, 228; “Struc- 
ture and classification of diatoms” 150 

Bessey, E. A., 64, 66, 67,151; personal 156 

Bicknell, E. P., work of 70, 377, 435 

Billings, F. H., work of 433 

Boehmeriopsis, Komarov on 434 

Bogue, E. E., work of 68 

Bolley, H. L., work of 68 

Bosqueiopsis, Wildeman and Durand on 
377 

Botanical Society of America 380 

Botany, lowa Summer School of 76 

Botrychium ternatum Oneidense, Gilbert 
on 7I 

Bower, F. O., personal 227; work of 178 

Brackett, Gustavus b., personal 155 

Bray, W. L., 99, 195, 262 

Brayodendron, Small on 378 

Britton, E. G., personal 228 

Britton, N. L., personal 75; work of 71, 

72,153, 379, 443; “ Manual of the flora 

of the northern states and Canada” 426 

rodie, D. A., work of 68 

romeliaceae, Mez on 71 

ruchmann, work of 170 

ryobrittonia, Williams on 72 

Bryonia dioica 368 

Bulbilis dactyloides 119 

Bulletin Jard. Imp. Bot., St. Petersbourg 


B 
B 
B 
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Bumelia lycioides 268 
Bunch grass 285 
Bureau, Ed., personal 443 
Burrage, Severance, work of 429 
Butler, Eloise, personal 155 
Butten, F. K., work of 374 

C 
Cactaceae, structural studies on 35 
Cactus vegetation 278 
Calcium oxalate, function of 142 
Calyx, abnormal 351 
Campanula rotundifolia 263 


Campbell, D. H., personal 228; work of 


174 


Carbohydrates, Friedel on synthesis of 430 
Cardiocarpon anomalum, sporangium of 


180 
Carex, Komarov on 434 
Caricaceae, Urban on 71 
Carlton, Mark Alfred, personal 156 
Carotin, Tammes on distribution of 431 
Carruthers, W., work of 430 
Castilleia, Rydberg on 378 
Celery blight, Townsend on 64 
Cell plate, theory of 3 
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Cell wall 1 

Cellulose 4 

Cenchrus myosuroides 205 

Central America, Fernald on plants of 
153; Robinson on plants of 153 

Centrosomes, in Helosis and Lilium, 
Bernard on 152; Yamanouchi on 375 

Ceram, a tropical forest in 218 

Ceramothamnion, Richards on 71 

Cerastium, Green on 377 

Cercospora apii, Townsend on 64 

Cercosporidium, Earle on 377 

Cercocarpus parvifolius 263 

Cereus, caespitosus 280; Fendleri, anat- 
omy of 40, vascular system of 37; 
giganteus, anatomy of 46, hypoderma 
of 38 

Chaetonella, Schmidle on 378 

Chamaebatiaria 58 

Chamaelirium, Small on 377 

Chamberlain, C. J. 64, 66, 67, 69, 150, 
153, 223,224; personal 156; “ Methods 
in plant histology” 372 

Chaparral 197, 274, 277; black 203; forma- 
tion 206, 270, 276 

Chesnut, V. K., personal 156 

Chester, F. D., work of 151; ** Manual of 
bacteriology” 370 

Chlamydomonas, Whipple on 150 

Chodat, R., work of 70, 71 

Chondrogloea, Schmidle on 378 

Christ, H., work of 153 

Church’s * Phyllotaxis” 427 

Cicuta vagans, Brodie on 68 

Clark, Anna M., work of 68 

Classification by seeds, Billings on 433 

Cleistogamous flowers, Du Sablon on 67 

Clematis, abnormal flowers of 352 

Clements, F. E., personal 75, 22 
“ Phytogeography of Nebraska” 374 

Clinton, G. P., personal 154; work of 71 

Clothier, G. L., work of 67 

Coccomyxa, Schmidle on 71 

Cockerell, T. D. A. 60 

Cocops, Cook on 435 

Coenocentrum 93, 244 

Collenchyma, middle lamella of 20 

Collins, Guy N., personal 154 

Color, distribution of red 332 

Comber, T., work of 430 

Compositae, Rydberg on 375 

Conidia, homology of 168 

Convolvulus arvensis, Pammel on 68 

Contributors: Allen, Charles E. 1; 
Arthur J. C. 307; Barnes, C. R. 151, 
369, 373, 375, 431, 432, 435; Barnhart, 
John H. 440; Bennett, Arthur 58; Bes- 

sey, E. A. 64, 66, 67, 151; Bray, W. L. 
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99, 195, 262; Chamberlain, C. J. 64, 
66, 67, 69, 150, 153, 223, 224; Cocker- 
ell, T. D. A. 60; Copeland, E. B. 356; 
Coulter, J. M. 62, 70, 153, 371, 373, 
374, 375, 3775 426, 427, 428, 429, 430, 
431, 432, 434, 4353; Cowles, H. C. 374, 
376, 429, 430, 431; Dandeno, J. B. 229, 
439; Davis, B. M. 61, 63, 64, 222; 
Fairchild, David G. 218; Faull, J. H. 
381; Fernald, M. L. 359; Frye, T. C. 
325, 433; Hefferan, Mary 370; Hol- 
way, E. W. D. 421, 422; Johnson, T.C. 
303; Kahlenberg, Louis 437; Kraemer, 
Henry 423; Land, W. J. G. 69; Law- 
son, A. A. 72, 152; Lewis, A. C. 423; 
Livingston, B. E. 147, 148, 292; Lyon, 
F, M. 124, 170, 376, 433; Macallum, A. 
B. 72; Moore, G. T. 309; Oliver, G.W. 
306; Overton, J. B. 434; Preston, Carle- 
ton E. 35; Rehder, Alfred 56; Robert- 
son, Charles 367; Schneck, J. 305; 
Schneider, Albert 142; Shull, G. H. 
343; Smith, F. Grace 332; Stevens, F. 
L. 77, 157, 238; Thomas, M. B. 373; 
Wilcox, E. M. 226. 

Cook, O. F., personal 154, 156; work of 


434 
Copeland, E. B. 356; personal 74 
Corbett, L. C., personal 156; work of 151 
Cornu, Maxime, death of 154; personal 
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Cornus, Small on 71 

Corydalis aurea 106 

Coulter, J. M. 62, 70, 153, 371, 373: 374, 
375, 377, 426, 427, 428, 429, 430, 431, 
432, 434, 435 

Coulter, Stanley, work of 429 

Coville, Frederick V., personal 155; work 
of 434 


Cowles, H. C. 374, 376, 429, 430, 431; 
personal 74 


Crataegus, Ashe on 68; Britton on 71; 
Sargent on 71; Small on 377 

Crapulo, Miehe on 377 

Croton, species of the U. S., Ferguson on 
428; Texensis 289 

Crystals, function of calcium oxalate 142 

Cucurbita Pepo 367; Longo on 63 

Cryptogams of Indiana, Thomas on 428 

Curima, Cook on 435 

Cuscuta, Rydberg on 378 

Cylicomorpha, Urban on 71 

Cynanchoideae, pollen of 325 

Cynanchum vincetoxicum, Strasburger on 
pollen in 423 

Cyperaceae, Meinshausen on 434 

Cytology, of Albugo 77, 157, 262; of 
Cyanophyceae 72 
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D 


Dale, Elizabeth, work of 375 

Dalla Torre and Harms’s “ Genera Sipho- 
nogamarum”’ 62 

Dandeno, J. B. 229, 439; personal 307 

Dasylirion Texanum 288, formation 283 

Dasystoma flava, Small on 378 

Davis, B. M. 61, 63, 64, 222; work of 152 

Dawson, Maria, work of 375 

DeCandolle, C., Work of 71 

Dennis, D. W., work of 428 

Denniston, R. H., personal 443 

Dewey, Lyster F., personal 156 

Deyeuxia, Suksdorf on 377 

Diatoms of Africa, Comber on 430 

Dicerandra, Harper on 378 

Dictyocephalos, White on 378 

Dioscorea sativa, aerial tubers in 375 

Diospyros Zexana, Small on 378 

Diseases, black locust, von Schrenk on 
428; oat-smut, Shamel on 64; sear 
blight, Chester on 151; root-rot of 
fruit trees, Wilcox on 226; rusts of N. 
Am. violets, Arthur and Holway on 
374; smut, Thomas on 428; tomato, 
Stuart on 429 

Dorner, Herman B., personal 443 

Draba cuneifolia 106; Greene on 377 

Drymocallis, Rydberg on 70 

Duggar, B. M., personal 156 

Durand, work of 377; and Wildeman’s 
“Reliquiae Deweveanae” 373 

Dusén, work of 375 


E 
Earle, Frank S., personal 379; work of 70, 


377 
Eastwood, Alice, personal 228; work of 
70 
Echinocactus Wislizeni, anatomy of 44; 
assimilative tissue of 38 
Echium vulgare, fasciation of 344 
Ecology of Texas, 99, 195, 262 
Ehretia elliptica 268 
Embryo of Balanophoraceae, Chodat and 
Bernard on 70; of Nelumbo, Lyon on 
374; of Selaginella spinulosa 171; pro- 
toplasmic continuity in 224 
; Embryo-sac of Lilium candidum, Bernard 
on 153 
Endodermis of Osmundaceae 396 
Endosperm, of Sequoia sempervirens 223; 
protoplasmic continuity in 224 
Engler, A., work of 71; “ Pflanzenreich” 
427 
Equisetum, Suksdorf on 377 
Eremosphaera viridis 309 
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Erigeron Canadense, fasciation of 343 

Ergot, Griffiths on 153 

Ernst, work of 434 

Eupatorium, boreale, Greene on 71; 
brevipes 422; Robinson on 153 

Evax prolifera 106 

Excentrosphaera viridis 320 

Experiment station in Porto Rico 227 


F 


Fairchild, David G. 218; personal 156 

Fanning, W. G., work of 374 

Farlow, W. G., personal 227 

Fasciation 343 

Faull, J. H. 381 

Fedde, Fr., work of 378 

Fendlera rupicola 263 

Ferguson, A. M., work of 428 

Ferguson, Margaret C., 435 

Fernald, M. L., 359; work of 153 

Ferns, Christ on 153 

Fertilization, double in Zea Mays 69; in 
Albugo 77, 157, 238; in Ginkgo biloba, 
Ikeno on 68; in Selaginella apus 131; 
Strasburger’s theory of 240 

Fitting, work of 174 

Fistulinella, Hennings on 70 

Flahault, work of 376 

Flora, of Indiana, Coulter on 429; of 
Isle Royale, Wheeler on 374; of Lake 
Maxinkuckee, Scovell on 428; of North 
Dakota, Bolley and Waldron on 68 ; of 


Oklahoma, Bogue on 68; of Porto Ri- 


co, Underwood on 443; of Red River 
Valley, Wheeler on 374; of South Da- 
kota, Saunders on 6; of S. E. Tennessee, 
Coulter on 429; of West Indies, Britton 
on 443; of Yukon, Britton and Ryd- 
berg on 72 

Flowers, abnormal 346; and insects 367 

Fouquiera splendens 276, 284 

Forest, a tropical in Ceram 218; forma- 
tions 211, 262, 266; xerophytic 215 

Forti, Achille, work of 71 

Frankenia Jamesii 287 

Frasera speciosa 263 

Fraxinus Berlandieriana 268 

Freeman, E. M., work of 374 

Friedel, work of 430 

Frye, T. C., 325, 433 

Fungi, from Porto Rico, Earle on 70. 377; 
Henning on 70; Massee on types of 
378; of Africa, Smith on 430; of west 
America 444 

Fungicides, effect on foliage, Sturgis on 
66 
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G 

Galloway, Beverly T., personal 155, 228 

Gametogenesis in Albugo 77, 157, 238 

Gametophytes of Selaginella 124, 170 

Ganong’s “Laboratory course in plant 
physiology” 148 

Garden, New York Botanical 75 

Garden beans, Irish on 428 

Gardner, N. L., personal 155 

Garman, H., work of 67 

Gattinger’s “ Flora of Tennessee ” 428 

Generic nomenclature of cedar apples, 
Arthur on 428 

Geneva convention 307 

Gentiana, Holm on 377 

Geotropism, Giesenhagen on 432 

Gepp, Antony, work of 430 

Geranium caespitosum 263 

Gesneriaceae, Urban on 431 

Gibson and Auld’s “ Codium ” 63 

Giesenhagen, work of 432 

Gigartina exasperata, Humphrey on 374 

Gilbert, Benjamin D., work of 429 

Gilg, E., work of 70, 71 

Gilbert, B. D., work of 71, 377 

Goebel, work of 178 

Goff, E. S., work of 64 

Gow’s “Flowering plants of Adair county, 
Iowa” 373 

Gould, H. P., personal 156 

Gramineae, Pilger on 71 

Grass formations 118, 196, 198, 204, 207. 
271 

Grasses, of Iowa, Pammel and Weems on 
429; of Kansas, Hitchcock on 67; of 
Kentucky, Garman on 67 

Gray, Asa, memorial tablet to 75 

Greasewood formation 275 

Greene, E. L., work of 71, 153, 377 

Griffiths, David, personal 156, 444; work 
of 153; “North American Sordaria- 
ceae’’ 427 

Griggs, Robert F., personal 154 

Growth, Nabokich on anaerobic 435; 
periodicity of in Cactaceae 42, 55 

Gruber, Eduard, work of 66 

Gutierrezia Texana 289 


H 


Hall, H. M., persona] 155 

Hallier, Hans, work of 431 
Hallowell, Miss S. M., personal 379 
Halophytic vegetation 286 
Halsted, B. D., personal 228 
Hapalophragmium, Sydow on 378 
Harkness, H. W., death of 154 
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“Genera Siphonogamarum ” 62 

Harper, R. M., work of 378 

Harshberger, J. W., work of 429 

Hasselbring, H., personal 154 

Havardia, Small on 71 

Hedlund’s “Monographie der Gattung 
Sorbus” 373 

Hedophyllum, Setchell on 70, 153 

Hefferan, Mary 370 

Heisen, work of 172 

Helosis guayanensis, Chodat and Ber- 
nard on 70 

Hemlock, water, Brodie on 68 

Henderson, L. F., work of 65 

Hennings, P., work of 70 

Herbarium, committee on national 380; 
of von Heldreich, 379 

Hesselman, work of 376 

Heteroceras, Forti on 71 

Heuchera rubescens 263 

Hibiscus lasiocarpus 367 

Hicoria, branched leaf of 345 

Hieracium, Britton on 153 

Hilaria Jamesii formation 201 

Hill, A. W., work of 224 

Histology of Osmundaceae 385 

Hitchcock, A. S., personal 156; work of 
67 

Hollick, A., personal 228 

Holm, Theo., work of 377 

Holodiscus 57 

Holway, E. W. D. 421, 422; work of 374 

Hooker, Sir J., personal 380 

Horkelia, Rydberg on 70 

Hottes, Chas. F., personal 154 

Howe, Marshall A., personal 154; work 
of 70, 71 

Humphrey, H. B., work of 374 

Husmann, George C., personal 156 

Hyams, C. W., work of 65 

Hybridity in palms, Waugh on 68 

Hydnum, Banker on 153 

Hypoderma of Cactaceae 37 

Hyptiodaphne, Urban on 431 


I 


lanthe, Williams on 434 
Ikeno, work of 68 
Ilex opaca, middle lamella of 23 


Indiana, Coulter on flora of 429 
Inodes, Cook on 435 
Insects and flowers 367 
Intercellular substance 2 
Ipomoea pandurata 367 
Irish, H. C., work of 428 
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Harms, H., work of 71; and Dalla Torre’s 


J 


Jatropha, macrorhiza 122; spathulata 122 

Jepson, W. L., personal 155 

Johnson, D.S., personal 154 

Johnson, T. C. 303 

Juglans, nigra 111; rupestris 111 

Juncoides, Small on 377 

Juncus, Suksdorf on 377 

Juniperus, monosperma 215; occidentalis 
216; pachyphloea 216, 262; sabinoides 
III, 212; formation 213; Virginiana 
III, 213 


K 
Kahlenberg, Louis 437 
Karyokinesis, physiology of 423 
Kearney, Thomas H., personal 156 
Koehnela, Urban on 431 
Kofoid, C. A., work of 150 
Kolkwitz, work of 431 
Komarov, V. L., work of 434 
Kraemer, Henry 423 
Krameria secundiflora 198 
Krigia amplexicaulis 367 


L 


Laboratory, botanical, of Glasgow Uni- 
versity 379; and gardens of Tokyo Im- 
perial University, Miyake on 379 

Lacinaria, Greene on 377 

Lactariopsis, Hennings on 70 

Lamella, origin and nature of the mid- 
dle 1 

Laminariaceae, Setchell on 70 

Lamson-Scribner, F., personal 155; work 
of 71; “American grasses, II” 62 

Land, W. J. G. 69 

Lang, W. H., work of 376 

Lange, D., work of 374 

Larrea Mexicana 287, formation 275 

Lathyrus odoratus, abnormal flowers 346 

Lauraceae, Mez on 71 

Lawson, A. A. 72, 152; personal 74, 227 

Leaf trace of Osmundaceae 400 

Leaves, abnormal 345 

Leersia oryzoides, DuSablon on 67 

Leguminosae, Harms on 71 

Lepidodendron Braunii 179 

Lepidostrobus Veltheimianus 179 

Leptilon Canadense, fasciation of 343 

Lesquerella, Greene on 377 

Lespedeza, Bicknell on 377 

Leucophyllum Texanum formation 274 

Lewis, Arthur Carr 423; personal 228 

Liatris pycnostachya 198 
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Lichens of Africa, Wainio on 430 

Linaria, Canadensis 106; spuria, Du Sa- 
blon on 67 

Lindau, G., work of 71 

Lister, Arthur, work of 430 

Liverworts, Howe on 71; of Africa, Ste- 
phani on 430, 431 

Livingston, B. E., 147, 148, 292 

Longo, B., work of 63 

Lopriore, G., work of 71, 377 

Lycopus, Steele on 434 

Lyon, F. M. 124, 170, 376, 433; personal 
227 

Lyon, Harold, personal 155; work of 374 

Lysimachia terrestris, MacDougal on 65 

Lupinus subcarnosus 210, 273 


M 


Macallum, A. B. 72 

MacDougal, D. T., personal 227, 228; 
work of 65; “ Textbook of plant physi- 
ology” 148 

Macmillan, Conway, personal 155 

Magnolia grandiflora 111 

Mahonia, Fedde on 378 

Makino, T., work of 153 

Maiformations 343 

Mamillaria Grahami, anatomy of 48 

Marine algae of Africa, Barton on 430 

Massee, George, work of 378 

Masters, Maxwell T , work of 153 

Matsumura, J., work of 377 


Medulla of Cactaceae 39; of Osmunda-: 


ceae 397 

Medullary rays, middle lamella of 18 

Meehan, Thomas, death of 443 

Megasporangium, of Selaginella apus 
131; of S. rupestris 138 

Megaspore, of Selaginella apus 126; of 
S. rupestris 138 

Meinshausen, K. Fr., work of 434 

Meissner, work of 356 

Melampodium, Robinson on 153 

Meliaceae, De Candolle on 71 

Melica, Suksdorf on 377 

Memorial tablet, to Asa Gray 75; to T. C. 
Porter 74 

Merrill, Elmer D., personal 156 ; work of 71 

Mesquite formation 272 

Mesogamy, Longo on 64 

Mexico, Fernald on plants of 153; Robin- 
son on plants of 153 

Mez, Carl, work of 71, 431 

Microsporangium, of Selaginella apus 
135; of S. rupestris 139 

Microspore, of Selaginella apus 132; of 
S. rupestris 139 


Miehe, H., work of 377 

Millardet, work of 175, 177 

Mimosaceae, Small on 71 

Mimoseae 268 

Minnesota, Botanical Studies 374; Sea- 
side Station 155 

Mistletoe, Wheeler on dwarf 68 

Mitosis, simultaneous 241 

Miyake, Kiichi, work of 379 

Mohr, Charles, death of 227; bibliogra- 
phy of 379; sketch of 443; “ Plant life 
of Alabama” 371 

Molisch’s ‘ Milchsaft und Schleimsaft” 
369 

Monarda, Rydberg on 378 

Moore, G. T. 309; personal 74, 156 

Mosses, of Africa, Gepp on 430; of 
Greenland, Dusén on 375; of Yukon, 
Williams on 72; on trees 422 

Mucorineae, phylogeny of 164 

Murrill, W. A., personal 228 

Mushrooms, Henderson on 65; Hyams 
on 65 

Mycetozoa of Africa, Lister on 430 

Mycological notes, Williamson on 429 

Mycorhiza of arctic plants, Hesselman 
on 376 

Myrsinaceae, Gilg on 71; Mez on 431 

Myxoderma, Schmidle on 378 


N 


Nabokich, work of 435 

Naturalists, meeting of 444 

Needles, Meisuer on 356 

Neljubow, D., work of 151 

Nelson, Aven, personal 228; work of 68, 
153 

Nelson, Elias, work of 434 

Nelson, N. L. T., personal 307 

Némec, work of 375; “Die Reizleitung 
und die reizleitenden Strukturen” 146; 
“Wahrnehmung des Schwerkraftreizes” 
145 

Nemophila, Eastwood on 70 

Nerium oleander, middle lamella of 17 

Nitragin, Dawson on 375 

Nocca, Robinson on 153 

Nomenclature 421; instability of Roches- 
ter 359 

Notoptera, Urban on 431 

Nucleus of Pellia, Davis on 152 

Nutation of peas, Neljubow on I51 


O 


Oak, formation of live 265; formation of 
post 264; Rydberg on 72 
Oat smut, Shamel on 64 


1901 | 


Oenothera biennis 367 

Oliver. G. W. 306 

Oogenesis in Albugo 159 

Opuntia, arborescens 279; arbuscula, 
anatomy of 50; frutescens 279; ful- 
gida, anatomy of 49; leptocaulis, anat- 
omy of 51; assimilative tissue of 38; 
Lindheimeri formation 274, 278; phaea- 
cantha, anatomy of 49 

Orchis mascula 329 

Orton, Wm. A., personal 156 

Osmotic pressure, effect on form 292 

Osterhout, W. J. V., personal 155 

Osmundaceae, anatomy of 381 

Overton, J. B. 434; personal 74 

Oxalis acetosella, Du Sablon on 67 


Palisade tissue of Cactaceae 38 

Palmetto, Trelease on a Pacific 428 

Palms, Cook on 434 

Pammel, L. H., personal 228; work of 
68, 430 

Panicularia, Beal on 153 

Panicum, Ashe on 68; Lamson-Scribner 
and Merrell on 71 

Papilla, receptive 245 

Paraguay, Chodat on new plants of 71 

Parkinsonia, aculeata 103, 111; Texana 
272, formation 274 

Patterson, Flora W., personal 156 

Pear blight, Chester on 151 

Pectose 4 

Peirce, G. J., personal 74 

Pelargonium, abnormalities in 345 

Pellaea, Trelease on a cristate 428; atro- 
purpurea, Trelease on 71 

Pellia, Davis on nucleus of 152 

Pentstemon, Rydberg on 378 

Pericycle of Osmundaceae 386 

Periplocoideae, pollen of 325 

Peronospora parasitica 161 

Peronosporaceae, phylogeny of 164 

Persea Borbonia 111 

Personals: Allen, C. E. 443, 444; Ander- 
son, A. P. 154, 379; Arthur, J. C. 74, 
228; Autran, E. 227; Balfour, B. 380; 
Ball, C. R. 156; Beal, W. J. 228; Ber- 
gen, J. Y. 307; Bessey, C. E. 74, 228; 
Bessey, E. A. 156; Bower, F. O. 227; 
Brackett, G. B. 155; Britton, E. G. 228; 
Britton, N. L. 75; Bureau, E. 443; 
Butler, Eloise 155; Campbell, D. H. 
228; Carleton, M. A. 156; Chamber- 
lain, J. H. 156; Chesnut, B. K. 156; 
Clements, F. E. 75, 228; Clinton, G. 
P. 154; Collins, G. M., 154; Cook, 
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B. 74; 

156; Cornu, M. 154, 
443; Coville, F. V. 155; Cowles, H. 
C. 74; Dandeno, J. B. 307; Dennis- 
ton, R. H. 443; Dewey, L. F. 156; 
Dorner, H. B. 443; Duggar, B. M. 156; 
Earle, F. S. 379; Eastwood, Alice 228; 
Fairchild, D. G. 156; Farlow, W. G. 
227; Galloway, B. T. 155, 225; Gard- 
ner, N. L., 155; Gould, H. P. 156; 
Gray, Asa 75; Griffiths, D. 156, 444; 
Griggs, R. F. 154; Hall, H. M. 155; 
Hallowell, Susan M. 379; Halsted, 
B. D. 228; Harkness, H. W. 154; 
Hasselbring, H. 154; Hitchcock, A. S. 
156; Hollick, A. 228; Hooker, Sir J. 
380; Hottes, C. F. 154; Howe, M. A. 
154; Husmann, G. C. 156; Jepson, W. 
L. 155; Johnson, D. S. 154; Kearney, 
T. H. 156; Lamson-Scribner, F. 155; 
Lawson, A. A. 74, 227; Lewis, A. C. 
228; Lyon, F. M. 227; Lyon, H. L. 
155; MacDougal, D. T. 227, 228; Mac- 
Millan, C. 155; Meehan, T. 443; Mer- 
rill, E. D. 156; Mohr, C. 227, 379, 443; 
Moore, G. T. 74, 156; Murrill, W. A. 
228; Nelson, A. 228; Nelson, N. L. T. 
307; Orton, W. A. 156; Osterhout, W. 
J. V.155; Overton, J. B. 74; Pammel, 
L. H. 228; Patterson, Flora W. 156; 
Peirce, G. J. 74; Philibert, H. 74; Pierce, 
N. B. 156; Pieters, A. J. 156; Porter, T. 
C.74, 379; Ramaley, F.155,228; Robin- 
son, B. L. 75, 228; Rolfs, P. H. 156; 
Rose, J. N. 76, 307; Ruger, Mrs. G. J. 
443; Schiffner, V. 443; Schimper, A. F. 
W. 379; Schofield, C. S. 156; Schrenk, 
H. von 75, 156, 228; Selbv, A. D. 228; 
Setchell, W. A. 155; Shaw, W. R. 
443; Shear, C. F., 156; Shepard, C. U. 
156; Slosson, E. E. 228; Smith, E. F. 
155; Solereder, Hans 443; Stevens, 
F, L. 154; Stuart, W. 443; Stuntz, S.C. 
444; Swingle, W. T. 155; Taylor, W. 
A. 156, 228; Thaxter, R. 379; Thorn- 
ber, J. J. 75; Timberlake, H. G. 443; 
Townsend, C. O. 156; Trelease, W. 
228; True, R. H. 156; Underwood, L. 
M. 154, 228; Waite, M. B. 156; Web- 
ber, H. J. 156; West, W. 379; White, 
V. S. 228; Whitford, H. N. 74; Wilcox, 
E. M. 307; Williams, T. A. 444; Win- 
kenwerder, H. A. 443; Woods, A. F. 
155; Yendo, K. 155 

Pfeffer, W., work of 171, 177 

Philibert, Henri, death of 74 

Phloem, of Osmundaceae 389; Weiss on 
429 


O. F. 154, 156; Copeland, E. 
Corbett, L. C. 


a 
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Photomicrography, Dennis on 428 

Phycomycetes 167; phylogeny of 165 

Phyllocomos, Masters on 153 

Phylogeny, of Albuginaceae 157; of Mu- 
corineae 164; of Osmundaceae 415; of 
Peronosporaceae 164; of Phycomycetes 
165; of Saprolegniaceae 164 

Phytogeography, Flahault on nomencla- 
ture in 376 

Picea, needles of 356 

Pierce, Newton ., personal 156 

Pieters, A. J., personal 156 

Pilger, R., work of 71. 431 

Pinus, edulis 216, 262, 263; Ferguson on 
435; flexilis 106, 262; needles of 356; 
palustris 111; ponderosa 106, 262; sil- 
vestris, middle lamella of 12; proto- 
plasmic continuity in 224 

Piper and Beattie’s “ Flora of the Palouse 
region” 62 

Piperaceae, DeCandolle on 71 

Piperia, Rydberg on 71 

Pith cells, middle lamella of 20 

Plankton, Kofoid on 150; Ward on 150 

Plants of Isle Royale, Wheeler on 374; 
of North Dakota, Bolley and Waldron 
on 68; of Oklahoma, Bogue on 68; 
of South Dakota, Saunders on 6; of 
southeastern Tennessee, Coulter on 429; 
Rostowzew on drying 306 

Pleurococcus on trees 422 

Pleurophycus, Setchell on 70, 153 

Plums, Waugh on hybridity in 68 

Pollen, development of 325: Strasburger. 
on formation of 433; tube, Longo on 63 

Populus Fremontii 268 

Polyembryony in Tulipa Gesneriana, 
Ernst on 434 

Porter, Thomas Conrad, memorial tablet 
to 74; biography of 379 

Potamogeton, polygonifolius in New- 
foundland, 58, synonymy of 59; Suks- 
dorf on 377 

Potentilla, Rydberg on 70 

Pound and Clements’s “* Phytogeography 
of Nebraska” 374 

Preston, Carleton E. 35 

Primula, Rydberg on 378 

Prizes, Walker 380 

Prosopis juliflora 105, 111, 198, 270; for- 
mation 272 

Protarum, Engler on 71 

Proteids, Jost on synthesis of 429 

Pseudomonas, Smith on 430 

Pseudotsuga taxifolia 106, 262 

Ptelea, Small on 71 

Pteridophytes, Carruthers on African 430; 
North American, Gilbert on 429; of 
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Iowa, Shimek on 153; of Yukon, 
Underwood on 72 

Pteris aquilina 391; middle lamella of 10 

Puccinia, Circaeae 421; graminis 421; 
inanipes 422; Malvacearum 421 

Pyronema 167 

Q 

Quercus, breviloba formation 214; Emoryi 
216, 263, 288; Gambelii 217; grisea 
216; marilandica 264; minor 264; un- 
dulata 217; Virginiana 266; formation 


214 
R 


Ramaley, Francis, personal 155, 228 

Rehder, Alfred 56 

Respiration, intramolecular 303; of bar- 
ley, Kolkwitz on 431 

Restionaceae, Masters on 153 

Revegetation of Trestle island, Lange 
on 374 

Reviews: Arnold’s “The sea beach at 
ebb-tide”’ 222; Bessey’s ‘Structure 
and classification of diatoms’ 150; 
Britton’s “ Manual of the flora of the 
northern states and Canada” 426; 
Chamberlain’s ‘ Methods in plant his- 
tology” 372; Chester’s “ Manual of 
bacteriology”? 370; Church’s Phyllo- 
taxis”? 427; Dalla Torre and Harm’s 
“Genera Siphonogamarum” 62; Eng- 
ler’s Pflanzenreich” 427; Ganong’s 
“Laboratory course in plant physiol- 
ogy” 148; Gattinger’s “Flora of Ten- 
nessee”? 428; Gibson and Auld’s 
“Codium” 63; Gow’s “Flowering 
plants of Adair county, lowa” 373; 
Griffith’s “ North American Sordaria- 
ceae”’ 427; Hedlund’s “ Monographie 
der Gattung Sorbus” 373; Lamson- 
Scribner’s “ American grasses II” 62; 
MacDougal’s “Text-book of plant 
physiology” 148; Mohr’s “Plant life 
of Alabama” 371; Molisch’s “ Milchsaft 
und Schleimsaft” 369; Némec’s 
“Wahrnehmung des Schwerkraftrei- 
zes” 145, “Die Reizleitung und die 
reizleitenden Strukturen ” 146; Piper 
and Beattie’s “Flora of the Palouse 
region” 62; Pound and Clements’s 
“Phytogeography of Nebraska "374; 
Robinson’s “ Problems and possibilities 
of systematic botany” 432; Sturgis 
“Literature of plant diseases” 65; 
Thonner’s “ Excursionsflora von Eu- 
ropa”’ 428; Urban’s “ Symbolae Antil- 
lanae” 431; von Schrenk’s “ Factors 
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which cause the decay of wood” 62; 
Weathers’s ‘‘ Guide to gardenplants ” 
306; Wettstein’s “ Handbuch der syste- 
matischen Botanik” 61; Weisner’s “Roh- 
stoffe des Pflanzenreiches ” 373; Wilde- 
man and Durand’s “ Reliquiae Dewev- 
reanae” 373; Wille’s “Studien iiber 
Chlorophyceen ” 64 

Rhizoids of Chara, Giesenhagen on 431 

Rhizome of Osmundaceae 384 

-Rhodoplax, Schmidle and Wellheim on 
377 

Rhynchospora, Harper on 378 

Rhynchotropis, Harms on 7I 

Ribes viscosissimum 263 

Riccia, Howe on 70 

Richards, H. M., work of 71 

Robertson, Charles 367 

Robinson, B. L., personal 75, 228; work 
of 153; “Problems and possibilities of 
systematic botany ” 432 

Rock vegetation 284 

Rocky mountains, Rydberg on new plants 
of 71 

Rolfs, Peter H., personal 156 

Root, of Cereus Fendleri 42; Némec on 
plagiotropous 375; of Osmundaceae 
401; perception and propagation of 
stimuli in 145; rot of fruit trees, Wilcox 
on 226 

Rosa, middle lamella of 20 

Rose, J. N., personal 76, 307 

Rostowzew, work of 306 

Roze, work of 176 

Rudbeckia, Small on 377 

Ruger, Mrs. G. J., personal 443 

Rumex, Greene on 377 

Rusts, of North American violets, Arthur 
and Holway on 374 

Rydberg, P. A., work of 70, 71, 72, 378 


S 


Salix, Ball on 434; Coville on 434 

Sabal, Mexicana 268; Uresana 428; 
Trelease on 153 

Sambucus, Rydberg on 378 

Saprolegnia 161 

Saprolegniaceae 244; phylogeny of 164; 
oogenesis in 163 

Sargent, C. S., work of 71; “Siiva of 
North America” 443 

Sasa, Makima and Shibata on 153 

Saunders, D. A., work of 68, 374 

Schefflerodendron, Harms on 71 

Schiffner, V., personal 443 

Schimper, A. F. W., death of 379 

Schizonotus 56 
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Schizonotus 44¢; tomentosus 57 

Schmidle, W., work of 70, 71, 377, 378 

Schneck J., 305 

Schneider, Albert 142 

Schofield, Carl S., personal 156 

Schrebera, Gilg on 70 

Schrenk, H. von, personal 75, 156, 228; 
work of 428 

Sclerenchyma, middle lamella of 10 

Scorodophloeus, Harms on 71 

Scott, work of 179 

Scovell, J. T., work of 428 

Seed, Billings on development 433; plants 
of Yukon, Britton and Rydberg on 72 

Selaginella, lepidophylla 286; rupestris 
286; sporangia and gametophytes of 
124, 170 

Selby, A. D., personal 228 

Sequoia sempervirens, endosperm of 223 

Sericostachys, Lopriore on 378 

Setchell, W. A. personal 155; work of 
70, 153 

Shamel, A. D., work of 64 

Shaw, W. R., personal 443 

Shear, Cornelius F., personal 156 

Shepard, Charles U., personal 156 

Shibata, K., work of 153 

Shimek, B., work of 153 

Shrubs, Small on new 378 

Shull, G. H. 343 

Siderocarpos, Small on 71 

Sieve tubes in Osmundaceae 390 

Sisyrinchium, Bicknell on 435; Suksdorf 
on 377 

Slosson, E. E., personal 228 

Small, J. K., work of 71, 377, 378 

Smith, Anna L., work of 430 

Smith, E. F., personal 155; york of 430 

Smith, F. Grace 332 

Smut, Clinton on new species 71; Shamel 
on oat 64; Thomas on 428 

Solanoa 57 

Solanum, Carolinense, Pamme! on 68; 
dulcamara, calcium oxalate in 142 

Solereder, Hans, personal 443 

Solutions, application of normal to biolog- 
ical problems 229, 437 

Sorbaria 58, 440 

Sphaeropsis malorum, Chester on 151 

Sphaeralcea martii 60 

Spiraea, discolor 57; Lindleyana 57; 
sorbifolia 56, 57; Ulmaria 58 

Spirostachys occidentalis 287 

Sporangia of Selaginella 124, 170 

Sporobolus, airoides 287; cryptandrus 
205; Wrightii 287 

Sporodinia, Gruber on zygospore of 66 

Sporophytes of Selaginella apus 136 
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Stamens, abnormal 351 

Steele, E. S., work of 434 

Stem of Osmundaceae 384 

Stephani, F., work of 430, 431 

Stevens, F. L., 77, 157, 238; personal 154 

Stigeoclonium tenue, polymorphism in 
292 

Stomata of Cactaceae 37 

Strasburger, work of 433 

Stuart, Wm., personal 443; work of 429 

Stuntz, Stephen C., personal 444 

Sturgis, W. C., work of 66; “ Literature 
of plant diseases’’ 65 

Suaeda, depressa 287; suffruticosa 287 

Succulents, formations 277 

Suksdorf, W. N., work of 377 

Swingle, W. T., personal 155 

Sydow, H.& P., work of 378 


T 
Tammes, work of 431 

Taxodium distichum 269 

Taxonomy 70, 153, 377, 434 

Taylor, Wm. A., personal 156, 228 
Teratology 343 

Tetraperone, Urban on 431 

Teucrium, Bicknell on 70 

Texas, ecology of western 99, 195, 262 
Thaxter, Roland, personal 379 
Thecanisia discolor 58 
Theophrastaceae, Mez on 431 
Thomas, M. B. 373; work of 428 


Thonner’s “Excursionsflora von Europa” - 


428 

Thornber, John J., personal 75 

Thrincoma, Cook on 435 

Thringis, Cook on 435 

‘Yilia americana, middle lamella cf 2 

Timber formations 266, 268 

Timberlake, H. G., personal 443 

Todea, anatomy of 382 

Toumey, J. W., work of 71, 428 

Townsend, C. O., personal, 156; work of 
64 

Trachyphyllum, Gepp on 430 

Tracy, S. M., work of 379 

Tragopogon 7 

Trees, pleurococcus and mosses on 422; 
Small on new 378; of Vermont, Clark 
on, 68; of Wyoming, Nelson on 68 

Trelease, William, personal 228; work of 
71, 153 

Tribulus, terrestris, Pammel on 68; aur- 
antiacum, Bicknell on 70 

Trifolium, Rydberg on 378 

True, Rodney H., personal 156 

Tubers, Dale on aerial 375 


Tulipa Gesneriana, Ernst on polyembry- 
ony in 434 

Tylostomaceae, White on 378 

Typha latifolia 329 


U 


Ulmaria, pentapetala 58; rubra 58 

Underwood, L. M., personal 154, 228; 
work of 72, 443 

Urban, I., work of 71, 431; “Symbolae 
Antillaneae” 431 

Uredineae, Freeman on Minnesota 374 

Uredo, cestri 422; Hydrocotyles 422 


Variation, Harshberger on limits of 429 

Vascular system of Cactaceae 40 

Vexillum, abnormal 351 

Viola, Greene on 377; Harper on 378; 
odorata, DuSablon on 67; Steele on 


434 

Vicia, Rydberg on 378 

Von Schrenk’s “ Factors which cause the 
decay of wood” 62 


W 


Wainio, E. A., work of 430 

Waite, Merton B., personal 156 

Waldron, L. R., work of 68 

Wallrothiella Arceuthobii 65 

Ward, Henry B. 150 

Water, storage of 36 

Waugh, F. A., work of 68 

Weathers’s * Guide to garden plants” 306 

Webber, H. J., personal 156 

Weeds, Pammel on 68 

Weeksia, Setchell on 70, 153} 

Weems, J. B., work of 430 

Weiss, F. E., work of 429 

Wellheim, work of 377 

West, William, personal 379; work of -430 

Wettstein’s ‘Handbuch der  systema- 
tischen Botanik ” 61 

Wheeler, C. F., work of 64, 68, 374 

Whipple, George C., work of 150 

White, V. S., personal 228; work of 378 

Whitford, H. N., personal 74 

Wiesner’s “Rohstoffe des Pflanzenreiches” 


7 
Wilcox, E. Mead 226; personal 307; 
work of 226 
Wildeman, work of 377; and Durand’s : 
“ Reliquiae Dewevreanae” 373 
Wille, “Studien iiber Chlorophyceen” 64 
Williams, R. S., work of 72 
Williams, F. N., work of 434 
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Williams, Thomas A., personal 444 
Williamson, E. B., work of 429 
Willows, Ball on 434; Coville on 434 
Winkenwerder, H. A., personal 443 
Woods, Albert F., personal 155 
Wyoming plants, Nelson on 153 


X 


of 


Xylariaceae, Butten on Minnesota 374 
Xylem, middle lamella of 13, 17; 
Cactaceae 41; of Osmundaceae 386 
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Yamanouchi, S., work of 374 

Yendo, K., personal 155 

Yucca,-agave-cactus formation 282; an- 
gustifolia 204; formation 288; glauca 
271; macrocarpa, formations 283; 
rupicola 198; vegetation 280 


Z 
Zea Mays, double fertilization in 69 
Zygospore of Sporodinia, Gruber on 66 
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